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ABSTRACT 


Seven  young  men,  differing  markedly  in  body  fat 
content,  were  tested  at  the  beginning  and  end  of  consecutive 
periods  of:  daily  training  (S  weeks),  voluntary  training 
(5  weeks),  and  daily  training  (5  v^eeks)*  Body  composition 
was  assessed  by  means  of  water  immersion  densitometry,  skin- 
fold  fat  measures,  and  both  gross  and  fat-corrected  body 
dimensions.  Basal  oxygen  consumption,  muscular  strength,  and 
the  Bailee  treadmill  test  of  sub-maximal  work  capacity  were 
also  measured.  Caloric  consumption  over  the  entire  1^  v/eeks, 
and  physical  activity  during  the  period  of  voluntary  activity, 
v/ere  recorded  daily. 

The  following  changes  were  observed,  within  the 
limitations  of  measurement,  in  subjects  undergoing  daily 
training.  Weight  losses  in  initially  overweight  men  were  com¬ 
posed  of  increase  in  fat-free  body  weight  and  muscular  mass, 
and  decreases  in  skinfold  and  total  body  fat.  One  very  thin 
subject  increased  his  gross  body  weight  entirely  through  a 
gain  of  fat-free  body  weight  and  muscle  mass,  while  body  fat 
remained  constant.  These  changes  were  not  evidenced  during 
the  period  of  reduced  activity. 

Total  proportional  strength  increased  and  decreased 
with  training  and  detraining  respectively,  and  was  not  directly 
dependent  upon  body  mass  or  body  composition.  Basal  oxygen 
intake  increased  per  unit  of  weight  and  decreased  per  unit  of 

fat-free  body  weight.  The  former  change  was  partially 
accounted  for  by  an  increase  in  muscle  mass,  while  the  latter 

was  attributed,  primarily,  to  a  decrease  in  body  fat.  Treadmill 
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performance  time  improved  irrespective  of  initial  values  and 
improvements  were  retained  over  the  period  of  decreased 
activity. 

In  36  relatively  sedentary  young  men,  five  measures 
of  body  mass  and  body  composition  were  found  (multiple 
regression  analysis)  to  account  for  52.21  per  cent  of  the 
total  interpersonal  variance  in  treadmill  performance  time. 
Relative  obesity  or  per  cent  body  fat  accounted  for  the 
majority  (23.^7;^)  of  the  variance  and  was  significantly  related 
to  performance  time  with  the  effect  of  gross  body  weight 
partially  out  (r  =  -,603).  The  relationships  between  these 
variables  were  somev^hat  reduced  in  subjects  who  had  undergone 
a  daily  program  of  vigorous  exercise. 

The  present  findings  are  in  agreement  v/ith  previous 
clinical  and  laboratory  observations  which  have  associated 
obesity  with  an  accumulation  of  excess  body  fat  as  Y^ell  as  sub¬ 
normal  levels  of  cardio-vascular  performance,  muscular  strength 
and  basal  metabolism.  It  xfas  further  evidenced  that  a  pro¬ 
gressive  program  of  vigorous,  physical  exercise  contributed  to 
the  therapy  of  obesity  by: 

a)  specifically  or  independently  changing  each  of  the 
above  parameters,  and 

b)  rendering  changes  in  certain  aspects  of  body 
composition  which  in  turn  contributed  to  improvements 
in  the  selected  physiological  variables. 


'  'l. 


Jbxx£.  e©Ll£:Y  io  bQVO'iqaJ:  suii^  eonfiffl'xol'xeq 

bssse-xosi  to  hol^sc  'isvo  beitlE^eT.  ©new  ecTflemcvonqini 


.y^ivicJoB 

esTiiSB^jo!  dfvi:':  ^nem  jr^cv  xn-EC^noli^je  YlavJtcfjsIen  d£  al 

k  j 

6iqx;3^iifin)  tmiol  snsw  noitfxebqinoo  ^tocf  fcnx  eefijn  xbod  lo 
uxiiJ  'to  Jneo  neq  IS,S?  no^  wi£a»&i>OB  (eifc^Xj&iXB  nolBeensei 
eexirjiriojLj ‘:u  IlxdJbxenc  sss  e^nrt'iE'V  IjBxicenoqnectiL]: 

©ricf  nol  -beJfUJOooB  ;>nsi>  neq  no  evictjfileii 

i-ejfj&Isn  aev/  bfls  eoisjisx'ifiv  ©licf  *o  (^^6.CS)  Y^ino^Bin 

^^ri^Jrsw  vbcd  a^ons^  ^xo  xoelis  ©ri^  d^txw  emi:^  eoABHinolneq  oJ 
eeexio  n&ewiJsd  sqlxiExiciJBlen  ©riT  .{cOc,-.*  n)  dx/o  ^IlBidnsq 
eaosnsbxjiJ  fc^ri  odw  ^  beovhei  cterttrsirtoe  ©new  eeldBinBV 

,eaion©x©  etfonosiv  lo  aiB'xj.onq  ^ 

Bxroxvonq  ridiv;  dnsus^'x^B  ni  ©nxv  dneeenq  erfT 

LedBiooESB  ev£ri  doiriw  enoxcTBYnsedo  x'lo^^'^cnixX  tna  iBolnJtlo 
-CXI8  fcB  XIsw  ax>  iJxi'x  X-^^od  ©bboxg  *10  noidBlitruyoDfi  cb  ddJrtv  x^X^sdo 
riognende  iBXuoajjci  tSonBrnnolneq  n£luoaBV-aib'i£0  lo  ©level  iBrnnon 
-one  £  d£dd  bssnoJDtva  aev  *X  .oielXodBd&m  lEeed  bnjB 

•**  T 

ocr  bsdiidXndr.oo  ©eibnex©  Ix^oXeyda  ^ei/ono^^Xv  *10  mr-n^onq  ©vieeens 

:xd  x^Xeecio  lo  yq^nodd  edd 

u 

sd:r  aO  do£G  xXdasDaeqitnX  no  xXlBoJt'iioeq'e  (b 

buB  ^  an&defibjnjsq  ©vodB 

XJbod  lo  ecrosqas  .fiXBineo  nt  eegcBao  gninebcen  (d 

»•  , 

BuasflisvonqcU  o^i  LeJacxndnoo  r?njj5  nb  rioldw  noi^jtaoqxioo 

1  *  ' 

.EaXiiBxnir/  XBox^oIoxavxjq  be^rosXse  en'u  ni 


■■Ml  % 


•>. 


J 


A 


t 


.^1 


41^^  §k 


kcmoviL^DG'^mm 


The  author  v;-ishes  to  acknowledge  the  general  supervision 
and  guidance  provided  by  Drs,  J.  F,  Alexander  and  M.  L, 
Howell  throughout  the  preparation  of  this  study. 

Thanks  are  also  extended  to  Dr.  Brian  Sproule  and  his  tech 
nical  staff  who  performed  the  lung  volume  measurements  and 
to  James  L.  Hodgson  for  his  assistance  with  many  of  the 
treadmill  tests. 


i  .  '  i  Cl  JW  V  .*  -I  V  ■  1^  C- 


orid  oXo'Ci'  . 0  C'J’  i'. [lr..a.Vj  s(ii 

/  „  ivGic  eof:GMi:5i  Xn/a 


;r£  'iv;'!.;:,.! _ 


./  Jo  ciiiJ  Xo  noiJ^':*;:qo-G  ojiX  c^ifcd:^LO'i;':r  IIov;c.qi 


ovj  e.li.-  '  ‘-.rjj 


;,:^.  .  .  .;  .•  I  .  I.r*?:ixe  oeI£  s'tr.  r  ,:i;nT 

f  "  r  Jnenis'iiiB i  -i  i.-L-  \  ■  i  i;j,  g/  J  G'Oai''.;:  •';?(■■  oir^-'  ■-*>. 

9f;j’  10  ViBB/Tt  r’vJii.'  iv.Bj  Bx.U  '-'"  i  nCo^'o]-  ,  J.  •  Cu 

*  V  .$Cj  AW 


TABLE  OF  CONTENTS 


CHAPTER  p.iGE 

1  STATEMENT  OF  THE  PROBLEM .  1 

11  REVIEW  OF  LITERATURE  .  6 

111  METHODS  AND  PROCEDURE  .  6^ 

IV  RESULTS  AND  DISCUSSION .  93 

Reliability  Coefficients  .  93 

Initial  Evaluation  of  Subjects  .  95 

Mean  Changes  -  Anthropometrical  Data .  104 

Densitometric  Analysis  of  Individual  Weight 
Changes  .  10? 

Changes  in  Body  Dimensions  .  114 

Mean  Changes  -  Physiological  Data . . .  120 

Individual  Changes  in  B.IH.R .  123 

Individual  Changes  in  Strength  .  126 

Individual  Changes  -  Treadmill  Performance  ...  132 

Correlation  Study  .  13^ 

Discussion . I46 

V  SUPEIilRY  AND  CONCLUSIONS  .  I6S 

BIBLIOGRAPHY  .  173 


APPENDICES 

A.  SMiTISTICaL  TREnTiiENT  AND  FaUiULAE 

B.  INDIVIDUAL  SCORE  SHEETS 

C.  TEST  DESCRIPTIONS  AND  SAMPLE  CALCUUTIONS 

D.  ANTHROPOI-ETRICAL  PHOTOGRAPHS 
LIST  OF  TABLES 

1.  Body  Composition,  From  Densitometric 
Analysis,  of  Living  Obesity  Tissue  and 
the  Normal  Reference  Pian .  15 


I  .  K  1  •  .4 


»  V 


V.4 


^  . 


[-  . 


v. 


n 


e*i>**  O 


i 


ppnp*«<0«t*-prOV^**^O'* 


»6lf«tro«a«««<» 


«^9CC*!l«>0rtcP«C*Ae  •  P-  f« 


i>  V 


» 

.  ;  i 


•  C  <1  « 


o  e  <« 


P 


i.  ^4  V 


I 


i  9 


{'  '  'I 


f 


t 


i 


o«ftAPf»as 


TABLE 


llo  Correlation  Coefficients  (r)  of  Subcutaneous 
Fat  ilea sur erne nts  v/ith  Body  Density  and 
Specific  Gravity  .  24 

111.  Possible  Composition  of  the  Total  Body 
V/eight  Change  as  a  Puesult  of  Caloric 
Restriction  and  Exercise  .  32 

IV.  Correlation  Betv^een  Various  Body  Components 

and  Basal  Oxygen  Consumption  .  37 

V.  Analysis  of  Total  Body  Weight  Loss  in  Terms 

of  Body  Com.position  (I4innesota  Experiment)  ...  34 

VI.  Analysis  of  Total  Body  Weight  Loss  in  Terms 
of  Physiological  Measurements  (Minnesota 
Experiment)  .  55 

Vll.  Pre-Experimental  Classification  of  Subjects  ..  6^ 

Vlll.  Summary  of  Test  Items  .  70 

IX.  Consecutive  Day  Test-Retest  Reliability 

Coefficients  .  94 

X.  Initial  Values  of  Selected  Measures  for 

Each  Subject  .  96 

XI.  Means  and  Standard  Deviations  for  Sedentary 

Sample  .  99 

Xll,  Average  Daily  Caloric  Consumptions  - 

Comparison  of  Mean  Results  for  Each  Phase  ....  101 

Xlll.  Mean  Changes  -  Between  Tests  and  as  a 
Percentage  from  Initial  Values  -  for 
Anthropometrical  Data  .  106 

XIV.  Mean  Changes  -  Between  Tests  and  as  a 
Percentage  of  Initial  Values  -  for 

Physiological  Measures  .  121 

XV.  Contribution  of  Individual  Strength  Tests  to 

Increase  in  Total  Proportional  Strength  .  127 

XVI*  Final  Values  of  Selected  Measures  for  Each 

Subject  .  137 


P  «  A  A  o  a 


...  <■ 


'.'•.  i.C'  . 

r;  -»  \i  '.j 

^  r  ■'  f  ■ 


‘•4*  fA.* 


i 


i. 


a  p  **  ^ 


\ 


.  K 


A 


«kO99«<r>0«lAAAaPA<t0PA0AA%a«PaAaAAAAA9 


I 


<p>«c^aai>Opa«aau«  • 


Ao«^pa»aM«^4/rAOAe'9C 


AappOAPs  •Pea«*«»A«aAeaAen»A''  oa««AA 


I . . 


AAvAeAaaaA 


o  c  •»  •  p  P 


a 


Q 


A 


r 


;  . 


«eo«oaeo 


I  ■  ^  .•.. 


':•;’  a.-  /'• 


•  aaopapaacQAaaoQawa* 


'.  ••  t  i  ^ 


,  /  * '  {  '  ^ 

«  4  V»  ,  \  --  .  • 


a  a  a  e 


-».  4  .4 


f 


P> 


0 


I 

4 

I 


I 


TABLE  PAGE 

XVll.  Relationship  Between  Treadmill  Performance 

and  Various  Body  Measurements  (N=34) .  142 

XVlll.  The  Prediction  of  Treadmill  Performa.nce  from 
Five  Body  Measurements  Under  Sedentary  and 
"Trained’^  Conditions  (N=7)  .  145 

LIST  OF  FIGURES 

1.  Anatomical  Definition  of  the  Concepts  of  the 

Fat-Free  Body  and  the  Lean  Body  Mass  ....o....  15 

llo  Correction  of  Limb  Circumferences  for 

Subcutaneous  Fat . 74 

111.  Hydrostatic  Weighing  Technique  .  76 

IV.  Physical  Activity  -  Caloric  Consumption  and 

Pattern  of  Weight  Change  . .  102 

V.  Densitometric  Analysis  of  Total  Body  'Weight 

Change  . . .  110 

VI.  Changes  in  Body  Dimensions  .  Il6 

Vll.  Changes  in  Basal  Metabolism .  124 

Vlll,  Changes  in  Muscular  Strength  .  12^ 

IX.  Changes  in  Treadmill  Performance  .  133 

X.  Intercorrelation  Iktrix  -  Body  Measurement, 

Heart  Rate  and  Treadmill  Performance  . .  139 

XI.  Relationship  Between  Relative  Obesity  and 
Treadmill  Performance  -  Sedentary  and 
IVained  Conditions  . 147 


p  a  o 


n  1  ®  « 


r  p  o  •»•«'*  « 


»  n  A  «  p 


0 


o«<**CPen«o#ff<^OpO 


«tfvpa>#t09O^«Cr«P 


s>n©eoc«‘»«Pc«p«PCP«-*'‘P<>»oooo 


r 


CHAPTER  1 


STATEMENT  OF  THE  PROBLEM 

Purpose.  The  general  purpose  of  this  study  is  to  assess 
the  effects  of  consecutive  periods  of  vigorous  physical 
exercise  and  normal  activity  on  selected  anthropometrical  and 
physiological  variables  in  obese  and  non-obese  young  men.  The 
indirect  appraisal  of  body  composition  is  limited  basically  to 
a  consideration  of  fat  and  fat-free  body  compartments,  sub¬ 
cutaneous  fat,  and  various  gross  and  fat-corrected  body 
dimensions.  Physiological  measures  include  basal  oxygen  con¬ 
sumption,  sub-maximal  work  capacity  and  muscular  strength. 

The  specific  or  independent  effects  of  either  physical 
exercise  or  anatomical  changes  on  the  various  physiological 
variables  are  investigated  through  determinations  of: 

a)  the  relationships  betv/een  physiological  and  anthro¬ 
pometrical  changes. 

b)  the  relationship  of  obesity  to  sub-maximal  V7ork 
capacity  under  both  sedentary  and  trained  conditions. 

Limitations.  The  major  limiting  factor  in  the  investigation 
is  the  lack  of  strict  laboratory  control  over  the  subjects* 
caloric  intake.  This,  factor  is  diminished  somewhat  in  that 
subjects  are  required  to  tabulate  their  daily  food  consumption, 
which  is  not  restricted,  on  dietary  recall  forms  after 
receiving  detailed  instructions  on  the  use  of  such  forms.  This 
information  is  not  intended  to  elicit  precise  quantitative  data 
concerning  daily  caloric  consumption  but  is  employed  only  as  an 
indicator  of  any  divergence  from  the  pre-experimental  caloric 


intake. 
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The  limiting  factors  involved  in  the  method  of 
determining  total  body  fat  and  the  fat-free  body  in  a  situation 
whereby  changes  are  rendered  through  exercise,  are  discussed 
in  the  review  of  the  literature.  In  order  that  any  changes  in 
muscular  mass  might  be  more  precisely  determined,  measurements 
of  fat-corrected  limb  girths  are  also  included. 

The  subjects  in  the  longitudinal  study  comprise  a 
small,  select  group  and  can  not  be  considered  as  a  true 
representation  of  the  male  college  population.  The  subjects 
used  in  the  correlation  study  are  not  truly  sedentary  in  that 
they  V7ere  participating  in  a  skill-centered  physical  education 
program.  They  must  be  considered,  then,  as  only  “relatively^^ 
sedentary  in  comparison  to  the  subjects  undergoing  daily 
training. 

The  present  study  is  considering  the  effects  of  only 
one  particular  exercise  program  on  various  physiological  and 
anthropometrical  parameters.  No  generalization  of  results, 
therefore,  may  be  made  beyond  these  limitations. 

Significance  of  the  Problem.  Supposedly,  physical  educators 
have  the  professional  obligation  to  develop  individualized 
programs  to  meet  the  unique  needs  of  obese  children  and  adults 
as  well  as  other  physically  atypical  individuals.  ^i\rhereas 
there  are  many  statements  in  professional  literature  exhorting 
physical  educators  to  be  concerned  for  the  grossly  overweight, 
there  appears  to  be  little  evidence  that  this  challenge  has 
been  responded  to  scientifically.  In  fact,  it  is  questionable 
whether  the  profession  has  compiled  a  valid  series  of  scientific 
principles  upon  which  to  justify  or  build  individualized 
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exercise  programs  for  obese  persons. 

Although  exercise  physiologists  have  investigated 
closely  related  topics,  their  findings  (usually  obtained  on 
athletes  or  ’^normal”  individuals)  have  only  limited  appli¬ 
cability  while  they  remain  untested  in  the  specific  clinical 
or  laboratory  situation.  The  role  of  exercise  in  the  treatment 
of  obesity  is  evident,  in  this  regard,  as  a  neglected  subject. 
The  objectives  and  outcomes  of  the  remedial  program 
are,  of  course,  all  important.  The  cardinal  principle  under¬ 
lying  treatment  pertains  to  the  close  relationship  which  must 
be  maintained  between  body  composition  and  physical  fitness. 

Such  indicators  of  an  unhealthy  state  as  metabolic  and 
circulatory  disorders  and  motor  impairment  are  often  attributed 
to  obesity.  The  solution  to  these  problems  must  regard  cause 
and  effect  as  inseparable  and  therefore  must  be  aimed  toward 
the  end  result  of  both  an  optimal  state  of  body  composition 
and  an  optimal  state  of  physical  fitness.  Although  a  few 
investigators  in  the  nutritional  field  have  analyzed  total  body 
weight  changes  in  terms  of  changes  in  physical  fitness,  exercise 
physiologists  have  tended  to  include  only  one  of  the  variables, 
i,e.,  either  body  composition  or  measures  of  physiological 
performance,  in  their  evaluations  of  various  activity  programs. 
The  resulting  lack  of  evidence,  in  this  regard,  not  only  limits 
the  assessment  of  a  particular  program,  but  also  leaves  many 
questions  unanswered  pertaining  to  the  relationships  which  may 
exist  between  variations  in  body  composition  and  changes,  for 
example,  in  cardiovascular  fitness. 

Definitions.  1.  Standard  weight:  Average  gross  body 


.ancc'i  '  tcfcc;  'u  l.u  ':  c'lq  salo'it'Xe 
!  t:  V  jt;,.i.3.'  ;  vxii:  svijfl  l./o.V  cIoxB'/i^:  e;- xr.-jszc  i/ x'orl-tlA. 
i:o  i.  •. j  i.'-xk.c  vIX/  rsL)  i J.'.  -  J  '-*'  ^  LoxJf  /.v'i  y.i,:'Co.Lw 


•*.  «■ 

;  .  •  c  ^  f  " 

W  V  — •••u.u. 

■  Xr.o  ov  • 

■m 

.  ■  0  X .  f :  f: ;  V  :  .V  X 

'’X£jr'’t<. 

o‘  '10  codoliidd 

r  _  ^  •  •  r 

X .  -  M  .V. 

'  r*  • 

0  o/d  nX 

Xeo  oedi..'.  1  .'.Ki  ' .  'i 

yoxid 

olxiii-/’  ydXIio:--C' 

orio  nX  t.. 

j:  O': 9X0  Xc 

&IO'I  ’olfi  .i.  c  i 

f  irdi'E 

X'iod^-'iodfX  'iO 

09^000 

XsJf'  X^oJ 

v’  .  » * 

•  c  •"  • 

;  Xv-'i  eXxld  / 

i'.obivo 

il  ydxt  x’do  Xo 

«_'XC 

Xxxtoox  ‘a 

l  iiv  '10  c9j..r.odi;c  inx  S6\  j. 

5ri'i 

'It  X  IX'  t 

♦•  •  • 

Ix:i  iL'if  r 

prfd'  ■iod'ioqxLX 

X 

'-<c.'-0'O0  X(  ^C'i£ 

o:::j£n  •  li^c-Lioir ssoj'i:  ono  o;J  rniivl 

ui:  \;;iq  li.*-  nvluir rii  o  '^Icd  n;jev'c3rccf  .  r-Lx  sd 

rj.;.  o.i  Icci  oxi;  bjE  v.u)  X  n;:  c'-ic  xIclL 

Lc^JjJOX'iJoj^  jfiQsi'iw:  O’,;  -xioii”. ^ ;  I  i.u.  '  oXc. n  c/idi:*-.ui.i:x  j'loc'x  Jxoixo 

&i4..Ai  Jti  i .  ci.iw.' vJc'.."  o;;.ofM  r.  xk  ’  .xIcb  oi-'x  .  x'/  aedo  od 

1';?:  .  txi  uBI'XJI  &'  C?OOvd.  6idX'XjeiC£»anl  cotj'x'it'  i  IV 

roi' c  j':  ccx X 0  v.'.  ^Ai  'ic  Isjii.' ^  c-  xib  xidod  'ic  Xirse'x  odd 

Vfo’j-  a  ii^iiJcddl  ,  ^x  Ji'i  Ix,r'xa\;ac  Ic  9d£>d«  Ix-ti:!'dqo  nx  i.iu 
yl  od  Irc’od  do;^yX. n^i  o\>.ii  '.io.i:':..  X.*,  rx. vjx  srio  iJ  e’  c:  d;.— .IJBovrii 
c.co'i.r  ^ fcOiu'xX  Ixor  ,  y;d  xii  'io  cr.i~o*d.  r.X  ixy^x  odo  dxl?^Xew 

5.  XcxL\.  v  Olio  "0  one  yixio  stL.rxr.i:  cj  di.Xnad  avnri  Bdc/ooio-^cyrlq 
Ipoi  c  lo'Xcy'fo.  "ic  xo  aoX-'tx-moo  ylod  'iriivTio 

*-{:U”X£  {.0  X  i  \  1.70X5  xxr.v  Xc  lxx  '  j.nXr>vo  ’iXt^d-  xiX  ^  or  xi;  i.i*io*i.T:£'q 
adiini.X  yX.x  do  :.Lxid  ni  ^  joueilvo  ‘id  AoeS  jnidln^’.  x  or.i 

yf.£id  LtV':oX  Co  lx:  dii  ^  'rxi;  O'.'.  ’•:  Xi'oidx^  q  jb  'io  dnoir.t.^OciBx.  cr.  d 
y;:ra  iloXfi;;  scl;  .  lO  j '. d/ Xo'x  eri^  c.'  j  nXf:in;d’::^‘:|  ix'.. 'vo.  i  ;ul  sxtc  dv^cox  .. 

'10  ^..e;rxxir‘o  Xi:.=5  x.oJdioocnco  y'xc'  r..t  ci  :  cjri'ifv  xv  owded  cjBi::o 

liCi  ':.  x.c^.;  00.. .  t;  ’  xT-co  1:  ’  ^eXcmtixo 
yXc  .ro^xg  o^ii'iov.  :  ..-.cEw  X’^ox-n,  dx  ...  .  :  oXdxnxloa 


-  4  “ 


v/eight  of  persons  of  a  particular  sex,  height  and  age, 

2.  Relative  weight:  Deviations,  positive  (overweight) 
or  negative  (underweight),  of  the  actual  from  the  standard  or 
’^average”  weight. 

3.  Overfat:  Positive  deviations  in  the  amount  of  body 
fat  beyond  the  desirable  or  optimal. 

4.  Living  obesity  tissue  (adipose  tissue):  The  tissue 
gained  or  lost  by  experimental  overeating  or  caloric  restriction. 

It  is  composed  (from  densitometric  analysis)  of  62  per  cent 

fat,  14  per  cent  extra  cellular  fluid  and  24  per  cent  cellular 
matter  (Density  (d)  =  0.947^)* 

5.  Body  fat  (excess):  A  chemical  compound  (lipoid), 
insoluble  in  water,  golden  yellow  in  colour,  and  with  a  density 
of  0.9000  at  body  temperature.  It  is  stored  in  fat  depots  and 
comprises  62^  of  living  obesity  tissue. 

6.  a)  Non-obesity  tissue:  Body  mass  less  obesity  tissue, 
b)  Fat-free  body:  Non-obesity  tissue  plus  fat-free 

mass  of  obesity  tissue:  determined  by  substruction  of  total 
body  fat  from  body  mass. 

c)  Lean  body  mass:  Total  mass  of  the  body  minus  the  mass 
of  adipose  tissue. 

7.  Active  tissue  mass:  M  -  (F4B-^EV/). 

M  =  body  mass  (kg):  F  =  fat  mass  (kg). 

B  ■  bone  mineral  mass  (kg)  (0.07  x  fat-free  weight). 

EW  =  amount  of  water  in  thiocyanite  space. 

B.  Standard  reference  man  (standard  body):  A  suitable 
standard  body  is  one  that  is  neither  fat  nor  lean.  It  is  the 
mean  of  bodies  of  clinically  healthy  young  men  who  correspond 
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exactly  to  the  average  weight  for  height  of  the  healthy 
population  of  young  men.  Standard  reference  man  is:  25.2 
years  of  age,  176.5  cm.  in  height,  70.6  kg  in  weight,  and  a 
body  density  of  1.0629o 

9.  Muscular  strength:  The  ability  of  an  individual  to 
exert  a  single  explosive  force  against  resistance. 

10.  Circulo-respiratory  endurance:  The  ability  of  the 
individual  to  repeat  long-continued  contractions  (sub-maximal) 
where  a  number  of  large  muscle  groups  are  used,  with  sufficient 
duration  and  intensity  to  place  a  demand  on  the  functions  of 
circulation  and  respiration. 

11.  Basal  oxygen  consumption:  The  volume  of  oxygen  con¬ 
sumed  under  conditions  v/hereby  the  subject  is  lying  awake  and 
quiet,  relaxed  and  in  a  state  of  complete  post-absorption. 
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CHAPTER  11 


REVIEW  OF  THE  LITERATURE 

A  considerable  quantity  of  research  has  been  devoted 
to  the  measurement  and  treatment  of  obesity  by  investigators 
in  such  related  fields  as  physiology,  biochemistry,  physical 
education,  nutrition  and  medicine.  The  review  of  literature 
presented  in  this  chapter  is  aimed  primarily  towards: 

a)  an  evaluation  of  various  methods  and  procedures 
designed  for  the  appraisal  of  body  composition  and  cardio¬ 
vascular  efficiency,  and 

b)  a  consideration  of  total  body  weight  change  in  terms 
of  physiological  and/or  anthropometrical  measurements. 

The  highly  controversial  question  concerning  the 
effect  of  various  factors  on  the  basal  oxygen  intake  is  reviewed 
in  terms  of: 

a)  the  relationships  found  between  numerous  anatomical 
variables  and  basal  metabolism,  as  well  as 

b)  those  investigations  v/hich  have  observed  variations  in 
basal  metabolism  as  a  result  of  programs  inducing  changes  in 
body  composition. 

The  role  of  physical  exercise  in  the  promotion  of 
muscular  strength  and  circulo-respiratory  fitness  has  been 
given  considerable  attention  by  researchers,  and  consequently 
is  reviewed  only  briefly  in  this  presentation.  The  relation¬ 
ships  found  between  body  mass  and  composition  and  the  components 
of  physical  fitness  under  investigation  are  presented  in  detail. 
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Body  Composition  -  Appraisal  and  Definition 

Total  Body  V/ei^ht.  The  popular  usage  of  body  v/eight 
as  the  primary  indicator  of  body  composition  and  of  such  terms 
as  ^'standard’',  "relative*^,  and  ideal’*  weight  as  meaningful 
designators  of  what  one  ’^should”  weigh,  have  been  subjected 
to  a  multitude  of  criticism  in  recent  writings.  The  errors 
committed  in  methods  of  measurement  and  sampling,  and  in  the 
intended  interpretations  of  ’’desirable  weights”  tables  (1:6) 
(obtained  from  a  representative  group  of  individuals  of  a  given 
height,  age,  sex,  and/or  skeletal  frame)  are  thoroughly  reviewed 
and  discussed  by  Gelvin  (2:2)  and  Miller  (3:77). 

Brozek  and  Keys  (4^246)  comment  on  the  term  ’’over¬ 
weight”  by  stating:  ’’Since  most  of  the  health  penalties  seem 
to  involve  metabolic  disorders,  diabetes,  atherosclerosis, 
etc,,  the  real  question  is  obesity;  i,e,  fatness,  rather  than 
overweight,”  This  measure  of  fatness  appears  as  a  very  com¬ 
plex  measure,  vjith  the  same  gross  body  v/eight  representing,  in 
different  individuals,  very  different  mixtures  of  the  basic 
components  -  bone,  mineral,  fat,  extra-cellular  fluids  and 
cells.  The  need  for  complexity  is  borne  out  by  a  comparison  of 
physically  active  and  sedentary  men  (6:l67)  mth  identical 
measurements  of  gross  body  weight,  but  displaying  significant 
differences  in  their  respective  amounts  of  body  fat  and  fat- 
free  body  mass. 

Brozek  and  Keys  (4:246)  criticize  the  inability  of 
height-weight  tables  (even  with  the  inclusion  of  skeletal 
dimensions),  to  differentiate  ’’active”  cells  from  fat. 

It  appears  necessary  to  distinguish,  then,  between  the 
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cause  of  over-weight  as  being  due  to  an  unusual  muscular 
development  or  to  excessive  deposits  of  fat.  Variations  in 
body  weight  may,  under  specific  conditions,  serve  as  valuable 
indicators  of  obesity.  Keys,  et  al  (7:^7),  warn  of  the  large 
amount  of  variation  around  the  average  weight  in  general 
populations  but  concede:  ’*In  sedentary  individuals,  positive 
deviations  from  the  standard  weight  are  likely  to  be  due  to  an 
accumulation  of  fat  rather  than  muscle  tissue  and  the  identif¬ 
ication  of  obesity  with  marked  ^^over-v/eight’^  is  largely,  though 
only  approximately,  correct,’^  Keys*  evidence  is  derived 
primarily  from  correlations  of  weight  with  fat  changes  in  man. 
The  evidence,  although  admitting  the  necessary 
inclusion  of  body  weight  in  the  determination  of  body  compo¬ 
sition,  clearly  demonstrates  that  before  it  can  become  a 
physiologically  meaningful  variable,  it  is  necessary  to  know,  at 
least  approximately,  the  value  of  its  components. 

The  measurement  of  gross  body  weight,  although 
apparently  simple,  may  show  discrepancies  from  day  to  day  and 
therefore  confuse  the  actual  picture, 

Taggart  (^:234)  concludes  from  her  review  of  the 
rather  limited  amount  of  research  in  this  area:  "Even  v/ith 
accurate  scales  and  a  carefully  standarized  procedure,  the 
results  may  be  distorted  or  obscured  by  short-term  fluctuations 
of  v/eight  which  are  difficult  to  control  because  their  nature 
is  really  not  fully  understood,"  The  day  to  day  changes  appear 
to  be  due  primarily  to  "water  balance"  (^),  even  in  the  basal 
state.  All  investigators  reviewed  by  Taggart  recommended  that 
weight  measurements  be  taken  under  basal  conditions  and  on 
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repeated  days  to  ensure  greatest  accuracy. 

Body  Compartments.  The  anatomist  has  analyzed  body 
composition  in  cadavers  by  means  of  direct  chemical  analysis. 
Although  this  method  has  been  used  only  sparingly  and  the 
normality  of  the  subjects  is  open  to  considerable  doubt,  direct 
analysis  will  provide  the  final  calibration  data  for  any  in¬ 
direct  analysis. 

Brozek  and  Keys  (4:246)  state  the  viewpoint  of  the 

physiologist  in  regard  to  body  composition  analysis: 

If  we  recjuire  a  system  of  bodily  analysis 
focused  on  the  total  energy  metabolism, 
it  is  clear  that  the  first  distinction  is 
between  the  metabolically  more  active 
part  of  the  body  and  those  constituents 
that  are  relatively  inert  or  at  least 
demand  little  energy  directly.  Among  the 
latter  will  be  listed,  at  once,  the  extra¬ 
cellular  fluid,  the  bone  mineral,  and  the 
depot  fat.  To  these  might  be  added  the 
horny  epidermis,  the  hair  and  nails  and 
the  excreta,  and  some  secretions  not  yet 
discharged.  But  these  bulk  small.  As  a 
first  approximation,  the  metabolically 
’'active  tissue  mass"  of  the  body  is  the 
gross  mass  less  the  extra-cellular 
fluid,  the  mineral  of  the  bones  and  the 
deposit  fat. 

This  requirement  has  led,  in  essence,  to  the  concept 
of  body  "compartments"  or  "partitions"  in  the  appraisal  of 
body  composition.  Lim  and  Luft  (9:^26)  define  the  principles 
involved  in  the  determination  of  body  density  and  the 
estimation  of  body  compartments; 

a)  the  sum  of  the  fractions  of  the  body  mass  is  equal  to 
unity  and 

b)  the  total  body  volume  is  equal  to  the  sum  of  the 


volumes  of  the  compartments. 
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Behnke,  in  1942  (5^495),  introduced  the  concept  of 
lean  body  mass  which  was  defined  as  ”•••  a  basic  mass  of  lean 
tissue  upon  which  varying  amounts  of  excess  body  fat  are 
superimposed.”  This  v7ork  also  defined  excess  fat,  i.e., 
body  weight  minus  lean  body  mass,  as  ”...  the  storage  or 
depot  substance  in  fat  cells.”  Lean  body  mass  is  considered 
to  include  a  constant  small  fraction  of  essential  lipoids 
in  the  total  nervous  system  and  cell  walls.  Keys  and  Brozek 
(4:269)  found  difficulty  in  defining  Behnke^s  lean  body  mass 
in  that  ”...  the  amount  of  fat  actually  essential  to  life  can¬ 
not  be  determined.”  Thus  the  concept  of  the  fat-free  body 
arose,  and  is  considered  equivalent,  theoretically,  to  lean 
body  mass  less  the  essential  lipoids. 

The  composition  of  the  lean  body  mass  is  assumed  to 
be  constant.  This  assumption  was  based  on  earlier  studies  on 
tissue  electrolysis  and  body  composition  in  animals  and  man. 

The  chemical  composition  of  the  non-fatty  material  was  found 
by  Murray  (10:103)  to  be  practically  the  same  among  agricultural 
animals.  A  similarity  in  the  composition  of  the  lean  body  mass 
was  evident  for  different  mammals  after  maturity  from  the  study 
of  Moulton  (11;79),  and  these  findings  were  substantiated  by 
Pace  and  Rathbun  (12:6B5),  and  Spray  and  Widowson  (13:332). 

The  total  body  water  was  found  to  occupy  a  relatively  constant 
fraction,  71*^  2.9  per  cent,  of  the  lean  body  mass  (14:637), 

and  similar  values  were  obtained  by  post-mortem  analyses  of 
presumably  normal  human  corpses  (13:596). 

In  order  to  determine  the  amount  of  lean  body  mass 
and  excess  fat  possessed  by  an  individual,  Behnke  further 
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developed  the  method  exploiting  the  specific  gravity  of  the 
body  (5 1 5^5)*  The  density  of  excess  fat  xvas  given  as  0,93 
a  value  obtained  by  calculation  of  the  density  of  the  tissue 
lost  in  one  subject  during  a  period  of  weight  loss.  The 
nearer  the  whole  body  density  is  to  the  density  of  fat, 

{•93),  the  fatter  the  subject,  and  those  subjects  whose 
density  approaches  that  assumed  for  the  lean  body  (1.100)  are 
obviously  quite  lean.  By  using  an  appropriate  formula,  such 
as  the  one  given  by  Rathbun  and  Pace  (12:6^5),  an  estimate  of 
total  body  fat  could  be  obtained. 

Forbes  (17i4^4)  questioned  the  validity  of  the  lean 
body  mass  concept.  The  author  stated:  ”The  fact  that  in¬ 
dividual  tissue  samples  show  a  high  degree  of  constancy  when 
composition  is  calculated  on  a  fat-free  basis,  does  not  allow 
one  to  assume  that  the  total  lean  body  mass  does  not  change  as 
fat  is  added  to  or  subtracted  from  the  organism. 

Very  precise  measurements  of  the  density  of  human 
fat  performed  by  Findanza,  et  al  (1^:254),  gave  an  average 
value  of  0.9000  gm./c.c.  at  37*^0.  (4:276).  A  concomitant  in¬ 
crease  in  the  extracellular  fluid  was  also  shov/n  in  the  latter 
study,  and  it  was  concluded  that  the  tissue  gained,  called 
living  obesity  tissue,  was  composed  of  62  per  cent  fat, 14  per 
cent  cellular  matter  and  24  per  cent  extra-cellular  fluid. 

This  conclusion  has  later  been  supported  by  Johnston  and 
Bernstein  (19:45)  and  ’’indirectly”  by  Miller  and  Blyth  (20:140). 

It  is  thus  obvious  that  living  obesity  tissue  does 
not  consist  of  pure  fat  only.  It  cannot,  therefore,  be 
identical  v;ith  excess  fat  defined  by  Behnke  as  the  storage 
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substance  in  fat  cells.  A  similar  position  was  defined  by 
Von  Dobeln  (16:126),  who  assumed  an  identity  of  living  obesity 
tissue  and  adipose  tissue  in  the  anatomical  sense,  and  defined 
the  lean  body  mass  as  the  total  mass  of  the  body  minus 

the  mass  of  adipose  tissue.’^ 

Ljunggren  (21:24)  introduced  the  terms  ’^non-obesity 
tissue”  and  ’’obesity  tissue”  as  the  two  main  portions  of  the 
body,  substituting  for  lean  body  mass  and  excess  fat.  These 
concepts  seem  to  be  the  logical  inference  of  Keys  and  Brozek 
since  they  would  allow  for  the  composition  of  living  obesity 
tissue  as  well  as  the  constancy  assumed  for  the  composition  of 
lean  body  mass.  Obesity  tissue  is  considered,  accordingly,  as 
the  main  variable  affecting  body  composition  in  adults,  whether 
it  be  a  gain  from  simple  overeating  by  previously  normal 
subjects  or  the  tissue  lost  through  moderate  caloric  restriction 
in  obese  people  (22:4^6).  Non-obesity  tissue  is,  then,  de¬ 
fined  as  the  body  weight  less  obesity  tissue.  Ljunggren  con¬ 
cluded  further,  from  a  study  on  small  animals  (21:53),  that  the 
composition  of  the  compartments  was  constant  in  normal  and 
obese  subjects  and  independent  of  sex  and  different  degrees  of 
fatness  (21:53)* 

In  light  of  their  findings,  Brozek  and  Keys  (4^277)^ 
abandoned  Behnke’s  original  concept  of  two  main  body  partitions 
with  definite  compositions.  In  the  Tlinnesota  System  (23:266), 
the  two  body  components  thus  became: 

1)  the  body  of  a  ’’reference  man”  (R)  defined  as  a 
25  year  old  individual  whose  actual  weight  is  identical  v/ith 
the  tabular  standard  and  whose  density  was  determined 
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empirically  as  d  =  1,0629  gm,/c.c  (6:7^6)  and 

2)  the  tissue  gained  (G)  as  a  result  of  simple 
overeating  for  a  period  of  six  months,  with  a  previously 
mentioned  dG  =  0,947  (4:276), 

Brozek  reasons:  ”Using  these  densities  in  the  general  densi- 
tometric  equation,  we  can  calculate  the  amount  (as  a  fraction 
of  body  weight)  of  tissue  similar  to  ”G”  that  is  present  in  an 
individual  for  whom  the  density  was  determined  (23:225): 

G  =  1  g,753  -  ^.235 

U 

It  was  estimated  that  fat  constitues  only  about  62 
per  cent  of  the  total  weight  gain.  The  fat  (■^^F)  by  which  a 
given  individual  differs  from  the  reference  man  may  then  be 
calculated  (aF  =  0,62G),  Assuming  that  the  reference  man  con¬ 
tains  15  per  cent  of  his  body  weight  as  ’^fat’^  (as  ether  extract), 
the  amount  of  total  fat  in  a  given  body  can  be  derived,  as  a 
fraction  of  body  weight,  by  the  following  formula  (4:2^0): 

f  =  4.201  -  3.^13 
D 

The  various  concepts  pertaining  to  the  composition 
of  body  compartments,  as  interpreted  by  the  present  author  from  the 
literature,  are  presented  in  Figure  1  and  Table  1, 

The  precise  calculation  of  total  body  fat  is  not,  how¬ 
ever,  assured.  Keys  and  Brozek  (4:2S0)  claim  application  of 
their  formula  only  over  the  region  of  relative  obesity- 

emaciation  where  gain  or  loss  of  weight  tends  to  involve  a  mass 
of  relatively  fixed  composition  -  what  is  termed  "obesity 
tissue"  here,"  Where  dietary  weight  gain  is  beyond  the  point 
v/here  fat  gain  exceeds  25  per  cent  of  total  body  weight,  the 


1  }■ 


1 


1 


I 


V 


.( 


;  .1, 


V-  ,  • 

'  . 


•  ( 


'ficm 


r 


1.  I 


! 


r. 


i 


r 


'J 


r 


\'X'X. 


I 


I 


r 


ill 


1 


i 


r;c 


L  . 


-E  i  I  \ .  .  !  >  •'  \,i  1'  .  w 


n  ■:.  ( 


j  ‘ 


ft  1 


i./j  I 


M.;  . 


I ;  •  -1 

L  '  )  tL 


V.  i  .  .J 


:>•[■  ....M 


L  ^  I  L  V 


.  :  ...li  J.  .;  0 


j.  ;  i  .w  i '  J 


'  1  ..  ;  -v  C .  ..  C’  •’  '.  (.  liC' 


r 


.  u  X 


^  ' 


^  j.t......  c 


i  (  '  I 


1  k  ;  J.  >  1 


i  .1.'.; 


■  l 


>  •  '  ’  -i  t . 


t.v#!..  '  . 


r  ( 


.:i£  .  V'  L. 

Til'  f. 


i  .J. 


.  J  .1. 


‘j.  t.:j: 


■'C 


flf  .1. 


;  /•  '  I  f.  .*  J  .  c 

•  r  .  ■  ‘  r  \  f  , 


r*  I  » 


.-H: 


>  »  '  ^  V  ti  I 


'J  I .  ki  -L 


i ' 


>•  r  , 

•-ij  ♦’--’l 


'  ^  f  r  r 

■  .  N  . .  C 


t  •  f‘ 


»  V.  .  .  . 


W  li  Jx  C 


v>\ 


i 


I' 


-  14  - 


authors  are  unsure  of  the  ’^gained’^  composition,  but  offer  the 
opinion  that  the  composition  of  the  "obesity  tissue"  will 
remain  relatively  constant.  With  loss  of  weight  (during 
caloric  restriction),  below  the  10  per  cent  level,  more  and 
more  cellular  matter  is  lost,  being  replaced  by  extra¬ 
cellular  fluid,  while  the  loss  of  fat  becomes  a  smaller  and 
smaller  fraction  of  the  solids  lost  from  the  body.  This 
occurrence  is  made  evident  by  the  results  of  the  Minnesota 
Starvation  Experiment  (7^134) •  The  maximal  error  in  calculations 
with  the  extremely  emaciated  is  reported  (4:2^1)  to  be  of  the 
order  of  two  per  cent  of  the  gross  body  weight. 

Yuhasz,  (24:^^),  in  studying  heavily  muscled  collegiate 
wrestlers  during  training,  discovered  that  the  total  change  in 
fat  (as  determined  by  Keys^  formula)  was  not  discernable  as  it 
was  masked  by  the  changes  (increases)  in  muscular  v/eight. 

Body  Density:  The  direct  chemical  analysis  of  the 
body  involves  technical  and  legal  complications  besides  a  formi¬ 
dable  analytical  task  and  has  been  done  very  rarely.  Body 
density  measurement  has  become  a  v/idely  used  indirect  method  for 
the  in  vivo  determination  of  body  "compartments".  The  density 
of  the  whole  body  is  simply  the  total  body  weight  in  air 
divided  by  the  total  volume,  i.e.,  density  is  the  mass  of  a 
substance  per  unit  volume  (4i267).  Using  the  principle  of 
Archimedes,  the  volume  of  the  body  is  determined,  tlirough  hydro¬ 
static  weighing,  from  its  displacement  of  water  -  the  difference 
betv/een  the  weight  in  air  and  the  weight  completely  submersed 
in  water  being  the  weight  of  the  displaced  volume  of  water. 

If  fat  has  a  density  lovj-er  than  water  it  should 
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FIGURE  1 

ANATOMICAL  DEFINITIONS  OF  THE  CONCEPTS 
OF  THE  FAT  FREE  BODY  AND  LEAN  BODY  MASS 


Rathbun  &  Pace 

(1945) 

Von  Dobeln 
(1956) 

Behnke  (1942) 


Ljunggren  (1957) 
and 

Brozek  &  Keys  (1953) 


A 


Excess  Fat 
(d=0.917) 


N/ 

7!: 


FAT 


E.C.  Water 
CELL  MASS 


E.C.  Water 


Living  Obesity 
Tissue 
(d=0o947^  at 
37  C.) 


A 


Body  Fat 
Xd50^9000) 


Lean  Body  Mass 

(d=1.097)  CELL  MASS 


Non-Obesity 

Tissue 


Fat-Free 
,  Body 


Bone  Mineral 


TABLE  1 

BODY  COMPOSITION  FROM  DEN3ITOMETRIC  ANALYSIS 
OF  LIVING  OBESITY  TISSUE  AND  TOE  NORMAL  REFERENCE  MAN 


Normal  Reference 

Living  Obesity  Tissue 

Pure  Fat 

14/» 

62fo 

Water 

lL[,fo 

Cell  Solids 

19?^ 

ZWfo 

Bone  Mineral 

6fo 

Keys  and  Brozek  (9^526)  determined:  1)  the  density  of  the 
"standard  body"  of  25  healthy  men,  with  an  average  age  of 
25  years  and  2)  the  density  of  "obesity  tissue"  gained  by 
experimental  overeating. 
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float,  whereas  the  fat-free  mass,  having  a  density  greater  than 
water,  should  sink,  i.e.,  the  larger  the  proportion  of  fat,  the 
lower  will  be  the  density  of  the  whole  body,  Welham  Fern  and 
Behnke  (5)  initially  evoked  this  concept  by  shov/ing  that  tvro 
groups  of  men,  with  similar  amounts  of  fat  but  differing  in 
gross  body  weight  by  50  pounds,  displayed  identical  measures  of 
density,  the  chief  difference  between  the  two  being  body 

mass,  not  fat,’^  Wells,  et  al  (25:35),  recently  supported  this 
original  finding  and  state:  ’^Percentage  variations  of  specific 
gravity  in  lean  tissue  and  bone  are  small  and  for  all  practical 
purposes  constant;  excess  fat  is  the  prime  factor  governing  the 
specific  level  of  gravity,” 

In  order  to  eliminate  the  effect  of  the  variable  amount 
of  air  in  the  lungs,  the  gross  volume  under  water  must  be 
corrected  for  the  residual  air  in  the  lungs  and  respiratory 
passage,  i.e.,  the  weight  of  the  x-zater  displaced  by  residual  air. 
The  formula,  as  presented  by  Brozek  and  Keys  (4:26^), 
thus  becomes: 

Db  =  _  (for  measurements  taken  with 

I^Ia  -MW  -  Vr  the  subject  at  maximal 
Dw  expiration) 

(Pla  =  ilan  in  air;  M’w  =  apparent  weight  submerged;  Dw  *»  water 
density;  Vr  ■  weight  of  water  replaced  by  residual  air) 

The  residual  volume  (or  the  functional  residual  volume) 
can  be  measured  in  either  an  open  or  closed  spirometer  circuit. 

In  the  closed-circuit  method,  hydrogen,  or  more  commonly, 
helium  is  added  to  the  air  in  the  spirometer,  and  its  initial 
concentration  in  the  spirometer  is  recorded.  The  subject  re¬ 
breathes  in  and  out  of  the  system  until  complete  equilibrium  of 
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of  the  foreign  gas  has  occurred  between  the  lung  and  the 
spirometer,  that  is,  the  gas  concentration  is  uniform  through¬ 
out  the  lung-spirometer  system. 

Various  investigators  have  used  either  ’’normal”  absolute 
values  or  certain  calculated  percentages  of  vital  capacity  for 
the  prediction  of  residual  volume  (26:19).  Keys,  et  al  (4:273), 
report,  however,  that  by  assuming  an  average  value  for  residual 
volume,  an  ’’uncertainty”  (standard  deviation)  of  about  500  ml., 
corresponding  to  an  error  in  fat  estimation  of  i  4:^  of  the  total 
body  weight,  will  result.  These  authors  have  also  determined 
the  accuracy  of  the  ’’direct”  method  and  claim  prior  verification 
of  their  results  from  Carlson  and  Chen  (1953)  in  concluding 
(4:272):  ’’The  accuracy  of  residual  air  measurement  by  current 

methods  is  not  an  important  limitation  in  the  accuracy 
of  the  densitometric  estimation  of  body  fat.” 

Elaborate  apparatus  has  been  devised  (27:243)  for  the 
determination  of  residual  volume  with  the  submerged  subject, 
due  to  the  possible  compressive  effect  of  water  on  the  chest  and 
abdomen.  The  only  documented  comparison  of  submerged  and  ’’land” 
residual  volume  measurements  (27:245)  revealed,  hov/ever,  that 
the  underwater  values  were  smaller,  on  the  average,  by  only 
11^  C.C.,  and  that  this  error  would  result  in  a  lov^ering  of  the 
estimated  fat  content  of  the  body  by  less  than  one  per  cent. 

Lim  and  Luft  (9:^27)  used  land  determinations  of  residual  volume 
in  determining  body  density. 

Hydrostatic  weighing  may  also  be  carried  out  with  the 
subject  in  a  state  of  maximal  inspiration.  Howell,  et  al 
(2^:402),  reported  greater  reproducability  of  results  with  this 

method  (r  =  0.87)  during  submersion.  When  the  maximal 
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inspiration  method  is  employed,  it  is,  of  course,  necessary  to 
measure  the  total  lung  capacity  (RV+VC)  in  order  to  determine 
the  subject's  ’^true  weight’^  in  water. 

The  lung  volume  that  one  should  attempt  to  achieve  at 
the  moment  of  underwater  weighing  is  debatable.  Buskirk  (23:9^) 
reviews  two  studies  in  this  area  and  cites  the  work  of  Welch 
and  Crisp  (195^)  who  claimed  that  the  fuller  lung  was  more 
susceptible  to  compression  on  the  basis  of  their  findings  of 
higher  (f 0.001?)  body  densities  with  maximum  expiration  than  at 
one  half  vital  capacity.  The  author  supports  the  concept  pro¬ 
posed  by  Welch  and  Crisp  (23:99) • 

This  concept  seems  to  be  reasonable  when  one 
considers  the  absolute  and  not  relative  change 
in  a  small  vs.  a  large  volume  when  exposed  to 
greater  pressure.  The  absolute  reduction  in 
the  small  volume  is  less  than  that  in  the 
larger  volume. 

Yuhasz  (24)  determined  the  vital  capacity  spirometrically 
with  the  subject  submerged  to  the  neck,  and  provided  a  verifi¬ 
cation  of  this  measurement  by  comparing  it  with  the  difference 
in  submerged  weights  when  the  subjects  had  inspired  and  expired 
maximally.  The  largest  of  the  two  measurements  was  considered 
to  be  the  subject's  vital  capacity. 

Roentgenological  studies  (4i273,  29)  reported  ’'negli- 
gible”  values  (50  -  130  ml.),  for  denistometric  purposes,  of 
gas  bubbles  in  the  gastro-intestinal  tract.  Bedell,  et  al 
(30:6^1),  substantiated  these  findings,  with  plethysmographic 
and  gastric  balloon  determinations,  finding  an  average  gas 
volume  of  115  ml.  Buskirk  (23:101  proposed  the  use  of  this 
correction  value  in  the  equation  for  calculating  density. 
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”...  in  order  to  provide  a  more  valid  estimate  of  Db  on  the 
average. ” 

The  question  as  to  the  variability  of  density  and  the 
reliability  of  gross  body  measurements  is  ansv/ered  by  Keys’ 
and  Brozek’s  findings:  ”The  net  result  of  consideration  of 
all  factors  of  variability  in  the  normally  hydrated  body  is  to 
conclude  they  cannot  lead  to  errors  more  than  would  be 
represented  by  a  standard  deviation  of  about  0.005  in  the 
density  oft  two  percent  in  the  total  body  weight  calculated  as 
fat.”  (4:274). 

Accordingly,  it  might  seem  that  the  only  problem  is  to 
find  generally  applicable  values  for  the  densities  of  the  body 
components  from  xfhich  the  values  of  fat  and  ”fat-free”  body 
weight  may  be  determined. 

The  density  of  pure  fat  v/as  mentioned  above  to  be 
0.9000,  i.e.,  1  c.c.  of  pure  human  fat  at  body  temperature 
weighs  900  mgs. ,  and  this  calculation  is  substantially  upheld  in 
later  studies  (31).  The  ’’obesity  tissue”  of  Keys  and  Brozek  had 
a  density  of  0.947^  v/ith  the  non-fluid  gain  being  a  mixture  of 
two  components;  pure  fat  (0.9000)  and  soft-tissue  cellular 
matter  (1.06). 

Mendez  and  Keys  (31:1^^)  later  examined  the  density  of 
fat-free  mammalian  muscle  cells  in  dogs  and  rabbits  finding 
their  values  to  range  from  I.O69  to  1.079  gm./c.c.  at  37  C. , 
which  were  ”...  significantly  greater  than  the  former  estimate 
of  1.057  for  the  average  of  all  cells  in  the  body.”  The  density 
of  the  fat-free  body  has  been  shovni  to  range  from  1.077  to 
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to  1.093  (4,  20).  Keys  and  Brozek  (4^271)  state  that  the  value 
of  the  density  of  the  fat-free  body  is  ”...  neither  known  nor 
in  the  final  sense,  precisely  knowable.”  The  density  found 
for  obesity  tissue  demonstrates  their  claim  of  the  fat-free 
body  being  only  ^grossly  constant”,  varying  according  to  the 
degree  of  fatness. 

Lim  and  Luft  {9:S26)  state,  in  their  critical  review: 
”Adequate  data  on  the  density  of  the  fat-free  component  of  the 
human  body  are  not  available  at  present  and  presumably  v/ill  not 
be  available  until  the  fractional  differences  in  each  of  the 
major  constituents  of  fat-free  mass;  namely,  water,  protein,  and 
minerals  are  determinable  quantitatively  in  health  as  well  as  in 
pathologic  conditions.” 

Subcutaneous  Fat.  The  measurement  of  subcutaneous  fat 
appears  as  a  satisfactory,  simple  method  of  estimating  body 
fatness.  Approximately  half  (4,  32)  of  the  body  fat  lies  in  the 
subcutaneous  tissue  which,  in  many  parts  of  the  body,  is  only 
loosely  attached  to  the  underlying  tissue  and  can  be  pulled  up 
betv/een  the  thumb  and  forefinger  into  a  fold.  Allen,  et  al 
(33:332),  in  devising  total  body  fat  prediction  standards  from 
skinfold  measurements  deduced  that  as  obesity,  i.e.,  ”... 
adiposity  in  excess  of  29  per  cent  of  the  body^s  essential  mass,” 
increased,  the  proportion  of  body  fat  situated  subcutaneously 
also  increased.  The  authors  agree  with  the  approximation  of  50 
per  cent  for  ”normal”  individuals  but  state:  ”In  fat  people 
approximately  2/3  of  excess  adiposity  is  located  just  beneath 
the  skin  and  in  very  thin  persons,  the  majority  is  internal.” 
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The  thickness  of  the  skinfold  and  subcutaneous  tissue 
can  be  measured  by  applying  some  form  of  caliper  to  either  side 
of  it  and  the  technique  has  been  v/idely  used  to  give  an  esti¬ 
mation  of  body  fat.  According  to  the  available  evidence 
(23,  31,  34,  35)  measurements  of  the  layer  of  skin  with  its  ad¬ 
joining  tissue  made  on  roentenograms  of  the  extremities  do  not 
appear  to  be  more  effective  indicators  of  leanness-fatness  than 
the  direct  (skinfold)  measurements. 

Edwards  and  associates  (36)  carried  out  experiments  to 
determine  the  optimal  design  of  a  skinfold  caliper  and  recom¬ 
mended  : 

1)  a  constant  pressure  over  the  whole  jav/  opening, 
ranging  up  to  50  mm. , 

2)  a  squeezing  pressure  of  10  gms./sq.  mm.  of  jaw 

face , 

3)  a  scale  allov;ing  readings  to  be  taken  to  0.1  mm. 

Edv/ards  (37)  showed  high  reliability  measures  at  a 

jaw  opening  of  7  mm.  with  the  Harpenden  Caliper  and  an  average 
reading  of  10  mm.  was  shov/n  to  vary  only  .5  mm.  in  19  out  of  20 
readings.  Yuhasz  (24:52)  concluded  in  comparing  the  Harpenden 
and  Frazen  type  calipers  that  the  Harpenden  gave  significantly 
better  (same  day)  test  reliabilities  in  S  of  the  10  measurements 
and  supported  its  usage  on  the  basis  that  it  conformed  to 
standards  for  anthropometric  studies  in  the  United  States  and 
Britain. 

The  choice  of  skinfold  sites  is  determined  by  the  ease 
and  accuracy  of  measurement  and  by  those  sites  which  will  yield 
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a  satisfactory  prediction  of  fat  content. 

The  meaningfulness  of  skinfold  measurements  as  indi¬ 
cators  of  total  body  fat  will  depend  upon  the  lipoid  storing 
cells  in  the  body  taking  up  fat  v/hen  the  person  stores  it  and 
giving  it  up  at  the  same  rate  when  the  fat  stores  are  used  up. 
This  prerequisite  was  verified  by  Edwards  (37:263). 

The  similarity  in  fat  cell  distribution  in  all  people 
of  a  particular  broad  age  group  has  also  been  shovm.  The 
distribution  of  fat  appears  to  differ  accoring  to  sex. 

Edwards  (3^)  measured  53  sites  and  found  that  the  normal 
pattern  of  females  revealed  a  relatively  greater  deposition  of 
fat  around  the  shoulders,  base  of  the  neck,  back,  abdomen  and 
thighs  than  elsewhere,  with  a  ‘^sparing  of  the  extremities.” 

The  pattern  in  adult  males  v/as  found  by  Yuhasz  (24)  to  follow 
one  of  the  greater  amounts  of  fat  in  the  gluteal,  supra-iliac, 
umbilicus  and  front  and  rear  thigh  regions  (24). 

These  and  other  investigators  who  have  measured 
subcutaneous  fat  at  various  sites  with  large  numbers  of  sub¬ 
jects  agree  that  although  fat  assumes  somewhat  of  a  general 
pattern  within  a  particular  sex,  that  marked  individual 
differences,  in  this  regard,  are  also  quite  prevalent.  Garn 
(39:^9)  observed  this  "individual  characteristic"  in  13  young 
men  on  a  program  of  caloric  restriction  and  concluded:  "Fat 
patterns  are  permanent  and  resistant  to  change  in  nutritional 
status."  Allen,  et  al  (33:347)  conceded  from  their  measurements: 


"There  are  slight  individual  variations  and  characteristic 
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sexual  differences  in  the  distribution  of  subcutaneous  fatty 
tissue.”  The  author,  however,  concluded  from  further  ob¬ 
servations  that,  ”...  as  adipose  tissue  increases  a  distinct 
(group)  pattern  becomes  evident.” 

Gelvin  (2:2?)  outlines  a  ’’descriptive”  classification 
of  obesity  whereby  fat  may  be  distributed  in  one  of  four  ways: 

1)  about  the  head,  neck  and  upper  body,  an 
accenuation  of  the  masculine  configuration; 

2)  about  the  lower  abdomen,  hips  and  thighs, 
an  accentuation  of  the  feminine  configu¬ 
ration;  3)  in  a  girdle  fashion  with  so- 
called  ’’rolls”  of  fat  about  the  chin,  the 
axillae,  the  bust,  the  abdomen,  the  hips, 
the  thighs,  and  in  extreme  forms,  also  about 
the  knees.  In  this  form,  the  overall  height 
of  the  individual  may  be  short,  and  the 
hands  and  feet  relatively  small;  and 

4)  generalized  obesity,  in  which  the  entire 
body  and  extremities  share  rather  evenly  in 
the  distribution  of  fat. 

Table  11  lists  the  relationships  found  between  various 
fat  sites  and  body  density  and  specific  gravity  determinations 
(4,  24). 


Yuhasz  found  that  the  combination  of  sites  numbered 
1-6  provided  the  best  combination  in  meeting  the  requirements 
of  measurement  and  in  the  prediction  of  per  cent  total  body  fat 
(multiple  correlation  =  .759) • 

Brozek  (23:101)  used  just  three  skinfold  sites  -  two 
locations  on  the  chest  and  the  upper  arm  in  the  prediction  of 
body  density. 

Caloric  Restoration,  Muscular  Activity 
and  Body  Composition 


Caloric  Restriction,  ’’detailed  metabolic  studies 
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TABLE  11 

Correlation  Coefficients  (r)  of  Subcutaneous  Fat 
Measurements  with  Body  Density  and  Specific  Gravity 


Skinfold  Sites 

Brozek  &  Keys  (1953) 
(Specific  Gravity 

Yuhasz  (1962) 
(Density) 

1.  Abdoninal 

.  641 

.693 

2.  Chest 

,o'03 

.565 

3.  Sub-Scapular 

.64S 

.  624 

4.  Tricep 

.649 

o574 

5.  Supra-Iliac 

.678 

0659 

6.  Front  Thigh 

.603 

.602 

7.  Rear  Thigh 

- - 

.597 

S.  Gluteal 

— 

.564 

demonstrated  that  human  beings  do  not  defy  the  second  law  of 
thermodynamics  (the  science  of  the  transformation  of  heat  and 
energy),  and  that  excessive  body  fat  results  from  an  excess  of 
caloric  intake  over  caloric  expenditure.^'  (40:1500).  Disre¬ 
garding  the  relatively  minute  percentage  of  obesity  cases  which 
might  be  attributed  to  "p  athological  disturbances"  or  so-called 
"endogenous"  malfunction,  the  lay  and  professional  population 
generally  recognize  positive  caloric  imbalance  as  an  excessive 
intake  of  calories  and  the  obvious  remedy  is  purused. 

The  important  role  played  by  carefully  controlled  caloric 
restriction  in  the  treatment  of  obesity  is  well  established, 
and  the  literature  reports  weight  losses  as  impressive  as  360 
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pounds  over  a  two  year  period  (41:1033)  on  such  a  program. 

The  weight  loss  pattern  follows  one  of  sharp  loss  at  the  begin¬ 
ning  of  treatment  with  gradual  reduction  as  caloric  restriction 
is  continued  (42,  43,  44,  ?)• 

Loss  of  subcutaneous  fat  is  similar  from  individual  to 
individual  in  that  those  areas  containing  larger  amounts  of 
subcutaneous  fat  exhibit  an  early  and  marked  diminuation  in  size 
during  semi-starvation.  (69,7). 

The  composition  of  weight  loss  has  been  extensively 
investigated  by  Keys  (32:25)  and  he  observed; 

The  obese  person  tends  preferentially  to 
lose  fat  on  a  low  calorie  diet  but  even 
so  a  considerable  portion  of  his  weight 
loss  is  water  and  cellular  matter. 

Severe  reduction  in  food  intake  in  a 
person  v/ho  is  not  fat  or  extreme  dieting 
to  the  point  of  starvation  results  in  an 
important  loss  of  cellular  matter. 

Decreases  in  the  fat-free  body  weight  of  animals 
undergoing  dietary  restriction  were  reported  to  be  25  per  cent 
with  a  total  weight  loss  of  32  per  cent  (45:299). 

The  initial  twelve  weeks  of  prolonged  semi-starvation 
produced  a  weight  loss  of  2S  pounds  accompanied  by  a  10  and  ^ 
pound  loss  of  total  body  fat  and  ’’active  tissue”,  i.e.,  difference 
between  total  body  weight  and  sum  of  thiocynate  space,  fat  and 
bone  mineral  respectively.  No  significant  losses  were  noted  in 
bone  material  or  thiocynate  space  (extra-cellular  fluid) 

(7:2^4).  The  authors  observed:  ”At  the  twentieth  week  of 
rehabilitation,  when  the  total  body  weight  had  surpassed  pre¬ 
starvation  level,  the  mass  of  the  active  tissue  was  still  some 
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B  per  cent  below  the  control  valve,”  The  active  tissues, 
however,  by  the  fifty-eighth  week  of  ”re-fesding”  had  been  re¬ 
stored  to  values  very  close  to  those  characterizing  the 

men  before  starvation”  (7:2^5), 

Keys  (7:135)  also  reported  significant  decreases  in 
”...  both  gross  circumferences  and  muscle  tissue”,  mostly  in  the 
thigh  and  upper  arm  in  the  same  experiment  discussed  above. 

Brozek,  et  al  (46:419),  studied  normal  men  on  a  daily 
caloric  ration  of  1010  calories  and  found  that  water  comprised 
approximately  70  per  cent  of  the  total  weight  loss  over  the 
first  three  weeks.  The  amount  of  water  lost  was  reduced  to  a 
negligible  quantity  as  caloric  restriction  continued,  however, 
being  replaced  almost  completely  by  the  loss  of  body  fat  and 
protein.  The  investigators  claimed:  ”Weight  loss  expected 
under  conditions  of  a  negative  energy  balance  cannot  be  pre¬ 
dicted  by  considering  the  caloric  deficit  alone  and  by  assuming 
the  loss  of  a  certain  ’’tissue”  of  constant  composition,  since 
the  caloric  equivalent  of  the  loss  tends  to  increase  throughout 
the  period  of  restriction,” 

The  Carnegie  Experiment  of  1919  extended  over  a  period 
of  31  days  with  a  total  weight  loss  of  10  per  cent  from  the 
initial  calculations.  The  results  of  anthropometric  measures 
shov/ed  ”...  relative  changes  in  the  circumference  of  arms,  thighs, 
and  abdomen  exceeding  the  total  percentage  loss  of  body  weight” 
(47:277).  The  investigators  did  not  consider  a  correction  for 
subcutaneous  tissue  in  recording  their  girth  measurements  of  the 
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the  limbs. 

Keys  and  Brozek  (4^309)  state,  in  an  early  paper, 
that  dietary  v^eight  gain  is  not  a  simple  matter  of  adding  body 
fat.  They  conclude  from  observations  on  emaciated  men  under¬ 
going  dietary  rehabilitation: 

The  proportion  of  fat  to  cellular  matter 
progressively  rises  until  final  rehabili¬ 
tation  reverses  the  trend  with  a  loss  of 
fat  and  replacement  with  cellular  matter, 
presumably  mainly  muscle.  This  latter 
phase  of  rehabilitation  after  starvation 
closely  resembles  the  change  in  body 
composition  resulting  from  increased 
exercise  and  physical  training  in  a 
person  previously  well  fed  but  muscularly 
ill-trained. 

Brozek,  et  al  (41^420),  in  a  similar  study  (to  that 
of  Keys)  observed  that  during  the  first  days  of  refeeding 
following  caloric  restriction,  a  rapid  gain  in  weight  was  due 
primarily  to  the  retention  of  water  in  the  body.  The  authors 
also  stated:  "Since  the  increase  of  body  weight  stops  or  pro¬ 
ceeds  at  a  very  slow  pace  later  in  recovery,  in  spite  of 
continuing  positive  energy  and  protein  balances,  the  storage 
of  these  substances  must  be  balanced  out  by  the  loss  of  some  of 
the  water  retained  in  the  early  days  of  recovery." 

Stunkard  and  McLaren  (4^i^l)  recently  reviev/ed  the 
published  reports  on  the  out-patient  treatment  of  obesity  and 
found  rather  unexpected  results.  Only  eight  studies  met  the 
author*  criteria  for  adequate  treatment,  i.e.,  weight  was 
returned  to  within  10  per  cent  of  the  patients*  "normal"  poundage 
for  his  height  and  skeletal  frame,  and  of  these  the  majority 
of  patients  regained  their  lost  weight. 
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Muscular  Activity.  The  minimal  and  negligible  role 
often  delegated  to  exercise  in  the  treatment  of  obesity  is  amply 
illustrated  by  the  ^’opinions'^  advanced  by  a  medical  specialist 
in  the  clinical  field  (2:73).  Mayer  (49:^75)  suggests  that 
such  claims  ”...  have  not  been  based  on  recent  experimental 
work  or  on  the  accumulated  experience  of  centuries  which  has 
always  contrasted  the  lean  hard  active  soldier  with  the  fat 
merchant  or  clerk. 

The  argument  that  physical  activity  requires  relatively 
little  energy  expenditure  is  not  upheld  by  an  examination  of  the 
literature.  The  Canadian  Dietary  Standards  (50)  stipulate 
recommended  caloric  consumptions  for  adult  men  varying  from  2900 
to  5200  calories  per  day  depending  upon  the  degree  of  muscular 
activity. 

Keys  (51:5)  reveals  that  the  proportional  energy  cost 
of  exercise  to  body  weight  no  longer  applies  when  the  excess 
body  weight  is  so  great  that  it  impairs  movement.  The  possible 
contribution  of  activity  is  highlighted  even  further  by  the 
findings  (51,  52,  53)  that  the  rise  in  energy  cost  of  movement 
in  the  obese  individual  represents  a  much  greater  proportional 
increase  than  that  introduced  by  the  increase  in  basal  metabo¬ 
lism  due  to  excess  weight,  which  is  proportional  only  to  a 
fractional  power  of  gross  body  weight.  Sills  (54:41)  and  Sills 
and  Everett  (55:225)  demonstrated  impairment  and  inefficiency 
of  movement  with  obesity,  and  the  subsequent  increase  following 
fat  reduction  in  performance  on  various  ’’motor  fitness”  test 
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Investigations  (56,57)  have  been  carried  out  to 
discover  the  changes  in  caloric  consumption  of  both  animals 
and  human  beings  as  activity  is  increased.  The  results  defin¬ 
itely  cast  considerable  doubt  on  the  time-honoured  conception 
of  exercise  as  an  appetite  stimulant  and,  in  fact,  suggest  a 
casual  relationship  with  a  severe  lack  of  activity. 

ivjayer  (49^^60)  has  compared  the  obese  and  non-obese 
in  relation  to  caloric  expenditure  and  consumption  and  proposes: 
’^Inactivity  is  shown  not  to  be  the  result  of  extreme  obesity 
but  in  fact  preceded  it.”  These  findings  are  supported  in 
similar  studies  by  Stefanik,  et  al  (5^i62),  Johnson,  et  al 
(59:37),  Stunkard  (40:1500)  and  Greene  (56:1797). 

Stunkard  and  Pestka  (60:^15)  recently  compared  the 
’’activity”  levels  of  obese  and  non-obese  girls  in  a  summer  camp 
situation.  Pedometer  recordings  shov;ed  only  a  slightly  greater 
distance  (0.9  miles)  in  the  number  of  miles  walked  per  day  by 
the  non-obese  controls.  A  fui'ther  diagnosis  of  the  situation, 
however,  revealed  that  all  girls  were  ’’required”  to  take  part  in 
identical  activities  at  the  camp  and  that  the  weight  losses  of 
the  obese  girls  were  significantly  greater  than  their  controls. 

Passmore  (61:692)  compared  the  individual  and  grouped 
caloric  control  methods  of  obesity  treatment  and  found  little 
success  with  either  approach  in  their  ability  to  maintain  early 
v/eight  losses.  The  author  recommends,  as  do  other  investigators, 
(49,  62,  63)  that  increased  energy  expenditure  must  accompany 
the  dietary  program  to  ensure  long  term  effects. 


I-Iann,  et  al  (64:349),  examined  the  ’’motivational” 
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aspect  of  exercise  in  weight  control  programs  and  concluded 
from  the  comments  of  their  subjects:  ’h^lthough  the  first  few 
days  of  physical  training  produced  discomforts  and  fatigue, 
the  men  soon  experienced  a  sense  of  v;ell-being  and  accomplish¬ 
ment  that  they  considered  adequate  compensation  for  their 
troubles.”  The  men  in  this  program  also  experienced  a  ”...  con¬ 
tinual  loss  of  fat  despite  an  increase  in  food  intake.” 

Gordon  (65:9^)  questions  the  classical  interpretation 
of  rising  and  falling  blood  ”non‘-esterif ied  fatty  acids”  (NEFA) 
levels,  (as  expressed  by  Dole,  1956)  as  being  indicative  of 
increased  and  decreased  fat  mobilization  respectively.  Never¬ 
theless,  the  physilogical  justification  of  exercise  in  fat  re¬ 
duction  seems  apparent  in  that  (65:99) J  ”In  general,  fasting 
and  exercise  tend  to  produce  rising  (NEFA)  levels  and  adminis¬ 
tration  of  carbohydrate  food  induces  a  sharp  fall.”  The 
validity  of  this  observation  is  substantiated  by  Guild  (66). 

Sonka  and  co-workers  (67:363)  recently  studied  63  obese  adults 
undergoing  treatments  of  caloric  restriction  (1000  calories 
daily),  Fenmetrazin  (one  to  two  tablets  daily),  and  muscular 
activity  in  the  form  of  sports  participation  (five  to  six  times 
daily).  The  importance  of  muscular  activity  is  stressed  in 
connection  with  their  findings  that: 

a)  muscular  v7ork  depressed  the  activity  of  the  pentose 
cycle,  the  result  of  which  was  a  depression  of  liposynthesis 

b)  working  muscles  utilized  preferentially  non- 
esterified  fatty  acids  before  glucose 
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c)  muscular  activity  caused  transport-lipaemia  from 
fat  depots  tov;ards  muscles;  and  this  transport  lasted  for  a 
considerable  time  following  the  cessation  of  exercise. 

The  authors  (67:333)  also  found  a  higher  activity  of 
the  pentose  cycle  in  the  erythrocytes  of  obese  people.  They 
stated:  ^^The  only  knovm  physiological  regulation  which  lowers 

the  activity  of  the  pentose  cycle  is  muscle  activity  and  this 
phenomenon  lengthens  the  activity  of  the  muscles  by  one  to  two 
hours  after  the  termination  of  movement.’^ 

The  combination  type  treatment  resulted  in  a  mean 
weight  loss  of  5  to  6  per  cent.  Neither  the  initial  degree  of 
overweight  not  the  amount  or  severity  of  the  activity  (vfhich 
was  subjectively  evaluated)  appeared  to  have  a  significant 
bearing  on  the  extent  of  weight  loss.  The  investigators  ex¬ 
plained  that  exercise  activates  a  ’'hormonal  regulator”  in  the 
organism  which  influences  the  fat  metabolism  in  the  whole  body, 
and  that  the  degree  of  activity  need  only  be  sufficient  enough 
for  the  activation  of  this  regulator. 

Keys  (32:24-25)  has  also  analyzed  body  weight  and 
composition  changes  as  a  result  of  vigorous  muscular  exercise. 
The  major  changes  involve  a  decrease  in  fat  and  an  increase  in 
muscle  mass  with  the  variations  in  total  body  weight  dependent 
upon  the  proportional  change  in  these  two  components.  Keys’ 
comparison  of  programs  of  caloric  restriction  and  exercise 
as  they  affect  body  composition  have  been  compiled  and  are 
presented  in  Table  111, 

Athletes  participating  in  basketball,  swimming,  foot- 
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-  TABLE  111 

Possible  Composition  of  the  Total  Body  Weight 
Change  as  a  Result  of  Various  Dietary  Conditions 

and  Exercise 


FAT 

CELLS 

EOF 

w 

ii) 

Obese  (dieting  only) 

-75 

-10 

-15 

■p 

faO  CO 
•H  CO 

Obese  (dieting  and  exercise) 

-98 

10 

-12 

<D  O 

Thin  (starvation) 

-50 

-50 

0 

Gluttony  alone 

66 

20 

14 

P 

Xi 

w)  a 

Gluttony  and  Indolence 

109 

-20 

11 

<D  05 

Intense  Physical  Training 

-3S 

120 

IS 

(The  values  are  percentages  of  the  total  weight  change  accounted 
for  by  fat,  cellular  matter  and  extracellular  fluid, ) 


ball,  track  and  field,  ice  hockey  and  v^restling  (24,  6^,  69,  70, 
71)  have  been  appraised  as  to  exercise  induced  changes  in  body 
composition.  The  results  clearly  confirm  Keys^  findings  of  a 
reduction  in  body  fat  and  a  gain  in  muscle  mass,  as  evidenced 
by  reported  decreases  in  skinfold  measurements  and  increases  in 
determinations  of  limb  circumferences  and/or  body  density. 

Total  body  weight  did  not  change  radically  in  any  of  the  above 
cases. 

Thompson,  et  al  (6^:427),  comment  on  the  findings  of 

various  investigators  who  have  anthroporaetrically  analyzed 

weight  changes  in  athletes  during  training: 

It  can  be  concluded  from  these  studies  and 
the  present  one  that  body  fatness,  particu- 
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larly  subcutaneous  fatness,  can  be 
altered  by  strenous  training.  Con¬ 
comitant  v/ith  this  change  in  fatness, 
body  density  usually  increases  even  if  no 
loss  in  v/eight  occurs.  Since  body  cells 
and  body  v;ater  are  more  dense  than  body 
fat,  body  density  could  increase  without 
an  increase  in  muscle  mass  per  se.  Pre¬ 
sumably  muscle  mass,  in  certain  regions 
at  least,  can  be  increased  by  training, 
which  lends  credence  to  the  usual  in¬ 
terpretation  of  alterations  of  large 
muscle  groups  associated  with  strenous 
training. 

Studies  primarily  employing  ’^rhythmic  motions”, 
(72:lllS)  and  ^endurance  activities”,  (24,  64,  57)  in  the 
treatment  of  ’’overweight”  adult  males  were  successful  in  sig¬ 
nificantly  reducing  total  body  weight  and/or  subcutaneous  fat 
Howell,  et  al  (73),  unexpectedly  showed  negligible 
changes  in  v;eight  and  specific  gravity  with  various  athletes 
over  eight  weeks  of  training.  They  explained  this  occurrence 
on  the  basis  of  the  subjects’  high  state  of  training  prior  to 
their  respective  seasons. 

Longitudinal  observations  (74,  24)  on  adult  males 
showed  reductions  and  increments  in  skinfold  measurements  as 
the  subjects  assumed  periods  of  ’’training”  and  ’’detraining” 
respectively.  Once  again,  the  reductions  in  fat  were  not 
alxirays  accompanied  by  decreases  in  total  body  weight. 

Changes  in  muscle  mass  as  a  result  of  ’’progressive 
resistance  exercise”  are  indiscernable  in  the  majority  of  in¬ 
vestigations  due  to  the  failure  of  the  recorded  girth  measure 
ments  to  account  for  subcutaneous  fat.  The  examination  of 
muscle  fibre  cross-sections  in  animals  (75,  76),  hov^ever,  sub 
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stantiates  the  popularly  held  concept  that  skeletal  muscle 
will  hypertrophy  through  exercise  employing  progressively 
heavier  loads* 

The  work  of  Roby  (77:275),  Tanner  (7^:459),  and 
Brodt  (79),  while  supporting  these  findings,  reveals  the  in¬ 
ability  of  various  weight  training  programs  to  reduce  body  fat. 
These  findings  logically  support  the  comparatively  low  caloric 
expenditure  exhibited  during  ’^training”  sessions  (^0:151-159)  • 

Cross-sectional  investigations  on  adult  males  (6,  Bl) 
demonstrated  a  relative  maintenance  of  total  body  weight  along 
with  definite  increments  in  fat  weight  and  decrements  in  the 
fat-free  mass  during  the  process  of  growing  older.  It  was  con¬ 
cluded  by  Brozek  (16:790):  decrease  in  physical  activity 

was  the  likely  principal  factor  accounting  for  the  observed 
decrease  in  the  active  tissue  mass,”  Behnke,  et  al  (5:500), 
discovered  that,  ”...  an  average  v/eight  of  200  pounds  (with 
all-American  footbal  players)  is  associated  v/ith  a  high  value 
for  specific  gravity  of  l.OSO.”  Naval  personnel  at  150  pounds 
had  the  same  specific  gravity  as  the  200  pound  athletes:  ”The 
chief  difference  between  the  tvro  being  mass  (50  pounds)  not 
fat.”  (5:500). 

Keys  (51:5)  estimated  that  a  change  in  body  weight  (as 
a  result  of  caloric  restriction)  of  1  kg.  represents  a  change 
in  ”stored  energy”  of  about  5,000  calories  in  the  ’’average” 
person  and  about  9,000  calories  with  the  obese  patient  who  is 
primarily  losing  fat.  For  ’’slightly  fat  men  reducing  weight 
mainly  by  exercise”,  an  average  of  11,  650  calories  was  lost  for 
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each  kg,  of  total  body  weight  lost.  The  author  thus  concluded 
that  the  activity  group  ”...  was  exchanging  muscle  for  part  of 
the  fat  they  were  losing.” 

V/ells,  et  al  (25:3^-40),  in  their  recent  review 
report  on  changes  in  body  composition  with  12  men  undergoing 
a  three  week  paratrooper  training  course  and  with  obese  girls 
follovring  four  weeks  of  "intensive  physical  training,”  Although 
the  total  body  weight  losses  v/ere  negligible  and  even  showed  an 
increase  in  some  cases,  significant  decreases  were  observed  in 
skinfold  fat  and  abdominal  circumferences  accompanied  by  in¬ 
creases  in  body  density  and  "active  tissue,”  Periods  of  in¬ 
activity  resulted  in  a  complete  reversal  of  these  findings,  as 
well  as  a  significant  gain  in  body  weight. 

Roby  (77:273)  compared  changes  in  subcutaneous  fat 
over  exercised  and  unexercised  triceps  areas,  the  results  dis¬ 
agreeing  with  the  ”...  commonly  held  concept  of  spot  reduction.” 
Thompson,  et  al  (6^:42),  and  Yuhasz  (24:69)  examined  sub¬ 
cutaneous  fat  changes  as  a  result  of  various  sports  training 
methods  at  three  and  ten  sites  respectively  finding  that  the 
greater  amounts  of  fat  were  lost  where  the  most  was  originally 
deposited.  Schade,  et  al  (^2:469).  recently  compared  the 
effects  of  six  weeks  of  "generalized”  and  "spot”  (concentrating 
on  the  hip  and  abdominal  regions)  exercise  programs  on  regional 
fat  accumulation  in  overweight  college  women.  Although  the 
mean  weight  loss  was  "minimal”  the  waist,  hip,  and  thigh  measures 
reduced  significantly.  From  the  analysis  of  pre  and  post¬ 
training  photographs,  the  authors  substantiated  previous  findings 
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by  concluding:  *^A  reduction  in  body  segments  was  found  where 
fat  accumulation  had  been  most  conspicuous,” 

Factors  Influencing  Basal  Metabolism 
Relationship  of  Basal  Metabolism  to  Body  Components . 

The  use  of  reference  standards  and  regression 
equations  for  the  expression  and  prediction  of  basal  metabolism 
have  recently  been  critized  on  the  basis  of  statistical  in¬ 
accuracy  (^3)  as  well  as  physiological  casual  relationship.” 

The  correlations  derived  in  the  process  of  computing  these 
equations,  however,  do  provide  a  considerable  amoung  of  insight 
into  the  relationships  which  exist  between  various  body  com¬ 
ponents  and  basal  metabolism. 

During  the  early  20th  century,  empirical  ratio 
standards  for  basal  metabolism  v/ere  determined  and  retain  sub¬ 
stantial  acceptance  as  ”predictors”  and  ”normal”  guides  today, 
Dubois  and  Dubois  (B6:B63)  in  1915  derived  a  formula  for  the 
calculation  of  surface  area,  and  charts  (based  on  Rubner^s  law 
(1^S3)  that  heat  production  is  proportional  to  surface  area) 
v/ere  constructed  for  the  prediction  of  basal  metabolism.  Later 
investigators  established  their  prediction  equations  on  the 
significant  relationships  found  between  basal  oxygen  con¬ 
sumption  and  other  gross  body  measurements  such  as  stature, 
weight,  and/or  chest  circumference  (B?,  39). 

Behnke,  in  1952  (90),  proposed  using  the  lean  body 
mass  as  a  means  of  predicting  basal  metabolism.  The  author 
pointed  out  that  age  and  sex  differences  in  adults  can  be 
accounted  for  on  the  basis  of  variations  of  excess  fat  content. 
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i.e.,  oxygen  consumption  per  kilogram  of  lean  body  mass 

is  constant  within  limits,’^  Other  studies  have  attempted  to 
evaluate  the  validity  of  these  various  concepts  by  means  of 
determining  the  relationships  between  basal  oxygen  consumption 
and  both  gross  and  the  more  complex  body  measurements.  (Table  IV) 

TABLE  IV 


Correlations  Bet^^reen  Various  Body  Components 
and  Basal  Oxygen  Consumption 


Correlations  (r) 

with 

Basal  Oxygen 

Consumption 

References  (l6) 

Measurements  VonDobeln 

(1956) 

(91) 

Wedgev70od 

(1953) 

(3) 

Miller 

(1952) 

(92) 

Hoyoe 

(195g) 

(93) 

Dempsey 

(1963) 

1. 

Height 

— 

— 

— 

.49 

.062 

2. 

Total  Body  Weight 

.65 

.6S 

.^5 

.71 

.499 

3. 

Surface  Area 

.70 

.74 

.g4 

.62 

.479 

Lean  Body  Weight 

— 

— 

.92 

.62 

— 

3. 

Fat -Free  Weight 

.go 

— 

— 

— 

o501 

6. 

Interstitial  Fluid 

— 

.go 

—  - 

— 

— 

7. 

Extra-cellular  Fluid 

— 

.go 

— 

— 

— 

Calf  Radius 

— 

— 

— 

.47 

— 

9. 

Upper  Arm  Radius 

— 

— 

— 

.51 

.410 

10. 

11. 

Skinfold  Fat 

Multiple  Correlation 
(2+3+5) 

.30® 

.g2 

-  — 

— 

.4g° 

— 

a  -  upper  arm  site 
b  -  supra-iliac  site 
c  -  sub-scapular  site 

Brozek  and 

Grande 

(^5)  and  Brozek  (94) 

have 

presented 
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critical  reviews  in  order  that  a  frame  of  reference  might  be 
established  to  determine  the  "physiological  validity"  of 
various  reference  standards.  The  authors  cite  the  results  of 
four  studies  from  the  German  and  American  literature  in  which 
human  cadavers  were  chemically  analyzed.  They  concluded 
(^5 1 25);  "The  average  amount  of  muscle  in  the  "normal"  adult 
man  is  not  over  UrO%  of  the  total  body  weight  and  is  probably 
less  than  that."  Their  reviev/  of  16  direct,  in  vivo  determi¬ 
nations  of  oxygen  consumption  from  the  rates  of  blood  flow  and 
the  A-V  oxygen  differences  (94^502)  indicate  that  at  rest,  the 
internal  organs  (notably  liver,  brain,  heart  and  kidneys)  use 
up  over  60  per  cent  of  the  total  oxygen  consumed.  The  share  of 
the  skeletal  musculature  is  estimated  at  about  25  per  cent  of 
the  total  v/ith  a  range  of  uncertainty  from  about  15  to  26  per 
cent.  Although  "...  no  good  estiminate  for  the  share  of 
adipose  tissue  is  available  at  present",  the  authors  assumed 
that  it  could  only  be  a  small  fraction  of  the  remaining  15  per 
cent  of  total  basal  oxygen  consumption  not  accounted  for  by  the 
internal  organs  and  musculature. 

Basal  Metabolism  and  Changes  in  Body  Composition. 
Caloric  restrictions  of  varying  intensities  appear  to  have  a 
definite  lowering  effect  on  basal  oxygen  consumption  as  the 
different  aspects  of  body  composition  and  weight  are  changed. 

Keys  and  Taylor  (53^216)  studied  subjects  on  a  star¬ 
vation  diet  over  a  prolonged  period  and  found  that  the  basal 
metabolic  rate  declined  31.2;^,  15.5^,  and  19*3!^  per  square 
metre  of  body  surface  and  per  kilogram  of  "active  tissue"  and 
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body  weight  respectively.  The  Carnegie  Experiment  of  1919  (47) 
reported  a  decline  in  B.M.R.  which  exceeded  the  reduction  of 
body  weight  and  surface  area. 

In  observing  changes  in  the  basal  oxygen  consumption 
the  question  arises  as  to  hov/  much  of  the  loss  is  due  to  the 
change  in  metabolizing  tissue  and  hov;  much  may  be  attributed  to 
a  change  in  the  rate  of  metabolism  of  the  changing  tissues? 

Keys  and  Taylor  (33^21^)  estimate  from  their  data  that  the 
greater  part  of  the  B.M.R.  decreases  in  starvations 

reflects  the  shrinkage  of  the  metabolizing  mass  of  tissue  and 
the  smaller  part  {35%)  should  be  ascribed  to  a  decrease  in  the 
intensity’^  of  metabolism. 

Other  studies  on  much  less  prolonged  caloric  re¬ 
striction  (95,  42)  show  significant  losses  of  B.M.R.  with  weight 
reduction  but  indicate  no  change  when  the  calculations  are  based 
on  per  kg.  of  body  weight. 

Obese  subjects  were  shovm  by  Evans  and  Strong  (7^325) 
to  have  B.M.fl.s  25^  higher  than  ’^normal’^  and  this  was  explained 
by  ”...  a  small  but  definite  oxygen  consumption  in  the  fat 
tissues”,  and/or  the  possibility  of  an  overload  on  the  circu¬ 
latory  and  respiratory  systems  causing  an  increased  oxygen  re¬ 
quirement.  This  ’’metabolic  activity”  of  adipose  tissue  is 
further  substantiated  in  the  report  of  Shapiro  and  Wertheimer 
(96).  The  former  authors  also  reported  decreases  in  B.M.R 
during  caloric  restriction  which  were  greater  than  the 
accompanying  weight  reduction. 

Keys  reasoned  (7:33^)  that  a  reduction  in  tissue  mass 
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during  semi-starvation  would  affect  only  the  ”total  metabolism” 
and  attributed  a  metabolic  decrease  which  exceeded  that  due  to 
tissue  reduction  to  a  severe  loss  of  muscle  tonus.  An  observed 
decrease  in  cardiac  output  per  minute  of  over  (greater  than 

percentage  of  tissue  reduction)  could  also  account  for  a 
portion  of  the  reduced  metabolism  per  unit  of  body  mass, 

A  regain  of  basal  metabolic  rate  during  dietary  re¬ 
habilitation  appears  to  be  suppressed.  In  12  weeks  of  recovery 
from  starvation  (7i331),  the  basal  oxygen  consumption  (-^30o4/'o) 
far  out-stripped  the  increases  in  gross  body  weight  (^20,170), 
However,  the  basal  rate  of  metabolism  per  unit  of  body  sur¬ 
face  area,  per  unit  of  weight,  or  per  unit  of  active  tissue, 
remained  a  good  deal  below  the  ^normal”,  initial  level,  Brovm 
and  Ohlson  (42)  followed  subjects  through  much  less  severe 
caloric  restriction  and  also  provided  a  rehabilitation  period. 
The  authors  found  little  increase  in  basal  metabolic  rate 
during  a  regain  of  weight  and  expressed  concern  over  the  ensuing 
difficulty  in  the  maintenance  of  a  caloric  balance. 

The  importance  of  actively  functioning  tissue  in 
energy  metabolism  has  been  mentioned  previously.  Physical 
exercise,  with  an  accompanying  increase  in  muscular  mass,  might, 
therefore,  be  considered  as  an  influencing  factor, 

Steinhaus,  in  192^  (97:660),  revealed,  however,  that: 

Under  the  head  of  influence  of  muscular 
work  and  basal  metabolism  there  have  been 
presented  as  many  different  results  as 
there  are  possible  answers.  Some  claim 
an  increase,  some  a  decrease,  a  third 
group  believes  the  basal  metabolism 
remains  unchanged. 
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A  review  of  recent  publications  dealing  with  this 
question  reveals  that  this  same  disagreement  exists  today. 

Benedict  (9^)  studied  men  and  women  after  an 
’’active’^  summer  vacation  and  found  no  change  in  the  B.M.B, 

He  expressed  the  possibility  of  a  ’^fixity”  in  basal  oxygen 
consumption  in  a  given  individual  as  a  result  of  his  findings. 
Knehr,  et  al  (99),  also  reported  insignificant  increases  in 
B.M.R.  after  six  months  of  distance  running.  It  is  un¬ 
fortunate  that  neither  of  these  experiments  considered  changes 
in  body  composition,  the  latter  study  reporting  simply  a  gain 
in  gross  body  weight  of  two  pounds. 

Lusk  and  Dubois  (100:213)  reported: 

After  a  prolonged  confinement  in  a  cage  with 
no  loss  in  body  weight,  a  dog  may  manifest  a 
marked  reduction  in  basal  metabolism.  Re¬ 
covery  from  this  condition  is  achieved 
through  exercise. 

Sheinhaus,  (97**670),  on  the  other  hand,  reported  no  change  in 
the  basal  metabolism  of  dogs  with  training  sufficient  to 

put  the  musculature  and  the  entire  organism  into  excellent 
physical  condition.” 

Benedict,  in  a  later  vrork  (101:SS),  showed  about  5% 
superior  B.M.R.  in  athletes  and  males  over  non-athletes  and 
females  respectively.  The  author  commented:  ”In  muscle, 
oxidation  processes  are  constantly  going  on  and  these  increases 
the  fuel  needs  of  a  person  to  a  very  great  extent.” 

Zuntz  and  Schunberg  (74:2^7)  showed  an  increase  of 
3.4^^  and  11.2^  in  a  basal  oxygen  consumption  after  2j  months  of 
marching,  despite  a  ”...  considerable  loss  of  weight.”  Cureton 
(74:293)  supports  this  trend  by  reporting  a  5^  increase  in 
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B.M.R.  after  10  weeks  of  ’’endurance  training”,  and  shows  an 
increase  and  decrease  in  B.M.R.  with  training  and  detraining 
respectively,  over  a  period  of  years  with  adult  men.  These 
increases  in  B.M.R. ,  reported  in  the  latter  investigations, 
coincided  with  decreases  in  body  weight  and  skinfold  fat  and 
increases  in  performance  on  various  measures  of  strength  and 
cardio- vascular  endurance. 

Cureton  also  found  (74^2^9)  higher  than  ’’normal” 

(based  on  surface  area  standards)  B.M. R.s  for  champion 
athletes,  the  highest  being  found  with  those  competing  in 
sports  requiring  high  levels  of  muscular  strength. 

Miller  (102:46)  attempted  to  explain  the  ’’economic 
principle”  of  increasing  and  decreasing  muscle  mass  during 
training  and  de-training  respectively.  The  author  partially 
attributes  this  ’’natural”  occurrence  to  the  correlation  of  0,79 
(-0,04)  between  biceps  strength  and  basal  metabolism  in  a 
group  of  56  men  and  5^  women  between  I6  and  50  years  of  age. 
Royce  (92:70)  also  observed  significant,  but  considerably  lov/er 
correlations  (r)  between  basal  oxygen  intake  and  strength  tests 
of : 

knee  extension  -  0.40 

knee  flexion  -  0.23 

elbow  flexion  -  0,36 

A  decrease  in  basal  metabolism  has  been  found  with 
age  which  between  the  20th  and  60th  years  may  amount  to  20;^ 
(101:40),  Chaney  comments  further  on  a  more  rapidly  diminishing 
metabolic  rate  in  old  age  as  probably  being  due  ”... 
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lessening  of  the  muscle  tonus  and  the  slowing  doivn  of  the  body 
processes.’^  Blunt,  et  al  (103:492),  after  studying  underweight 
children,  reasoned  that  the  frequent  finding  of  a  very  high  basal 
rate,  may  be  due  to  the  relatively  high  proportion  of  muscle 

tissue,  the  body  fat  having  been  depleted  early  in  malnutrition.’’ 

Bender  (104:130)  studied  variations  in  basal  metabolism 
as  a  result  of  exercise  and  analyzed  these  changes  in  terms  of 
various  physical  fitness  and  body  composition  determinations.  It 
was  found  that  significant  increases  in  basal  oxygen  consumption 
V7ere  accompanied  by  improved  performances  on  the  bicycle  ergometer 
and  strength  tests,  decreases  in  total  body  weight  and  skinfold 
fat,  and  increases  in  body  density  fvertical  flotation”  test). 

The  author  concluded:  ’’The  evidence  presented  indicates  that 
exercise  of  the  endurance  type  increases  the  basal  metabolism  of 
the  individual  by  increasing  the  active,  protoplasmic  tissue.” 

Keys  and  Brozek  (4:315)  claim  that  the  evaluation  of  the 
metabolic  situation  in  both  established  obesity  and  in  the  period 
of  developing  obesity  is  clarified  by  reference  to  the  active 
tissue  mass.  In  six  months  of  experimental  overeating,  the 
analysis  of  a  17  per  cent  weight  gain  revealed  an  increase  of  12 
per  cent  in  total  basal  oxygen  intake  but  a  decrease  of  3  per  cent 
in  the  basal  metabolic  rate  per  kg.  of  body  weight.  The  metabolic 
rate  was  only  4  per  cent  higher  than  before  the  weight  gain, 
hov/ever,  when  expressed  in  terms  of  per  unit  mass  of  estimated 
active  tissue. 

The  constancy  of  basal  oxygen  comsumption  per  kg.  of 
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9f  fat-free  body  weight,  among  30  individuals  displaying 
varying  degrees  of  obesity,  has  been  substantiated  by  the 
present  author  in  recent  findings  (93).  The  use  of  the  ’'fat- 
free  standard”  interpreted  the  difference  betvreen  groups 
varying  in  their  degree  of  obesity  to  be  almost  entirely  an 
anatomical  one.  The  use  of  weight  or  body  surface  area 
standards,  however,  indicated  a  gradual  but  significant  decline 
in  B.M.R,  as  obesity  increased. 

Exercise,  Body  Composition _and 
"Physical  Fitness” 

Muscular  Strength.  Muller  (103:216)  has  observed 
and  recently  concluded:  "Muscular  strength  increases  and 
decreases  v/ith  muscular  activity  and  inactivity...”  probably 
due  ”...  to  an  automatic  adaptation  to  the  needs  of  the  job.” 
The  author  interprets  the  findings  of  Petow  and  Siebert 
(I923-I92S)  in  stating:  "The  stimulus  necessary  for  an  in¬ 
crease  of  muscular  strength  is  an  increase  in  the  tension,  over 
that  previously  exerted."  These  experimental  confirmations  of 
the  Roux-Lange  "overload  theory"  of  1903  and  191^  originally 
stressed  the  necessity  for  an  increase  in  xvork  "intensity”, 
i.e.,  work  per  unit  of  time.  Later  investigators  devised  pro¬ 
grams  based  on  this  principle  and  interpreted  an  increase  in 
"intensity"  to  mean:  a)  "progressive  loading”,  i.e.,  upgrading 
the  weight  lifted  (IO6),  b)  an  increase  in  the  "pace"  or  tempo 
of  muscle  contraction  (107),  and  c)  "isometric  exercise”  (103) 
whereby  an  increase  in  strength  allows  for  a  progressively 
greater  contraction  (increased  "tension")  against  an  immovable 
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force. 

Significant  gains  in  static  muscular  strength  over 
relatively  brief  periods  of  time  have  been  demonstrated  with 
both  these  and  various  adapted  methods  by  the  authors  cited 
above  and  by  a  considerable  number  of  later  investigators. 

A  closer  scrutiny  of  the  majority  of  these  investi¬ 
gations  demonstrates  the  ^^individuality”  inherent  in  the 
ability  to  increase  strength.  Hettinger  (105)  emphasizes  the 
necessity  for  a  consideration  of  this  ”trainability”  factor  - 
among  both  subjects  and  various  muscle  groups  -  in  all  aspects 
of  strength  research. 

Historical  and  critical  reviews  of  studies  in  the 
field  (109,  110,  111),  while  concluding  considerable  evidence 
and  unanimous  support  for  programs  adhering  to  the  various 
concepts  of  the  overload  principle,  clearly  demonstrate  the 
lack  of  agreement  in  such  pertinent  areas  as  measurement, 
learning,  specificity,  cross  transfer,  retention,  motivation, 
and  the  physiological  basis  of  strength  improvement.  These 
authors  express  general  agreement,  furthermore,  than  no  real 
”best  method”  of  strength  training  has  been  discovered. 

In  studies  relating  body  size  to  muscular  strength, 
it  is  generally  concluded  that  ”lifters”  with  heavy  body 
weights  can  lift  greater  loads  than  lifters  v/ith  lighter  body 
weights,  but  the  lighter  man  is  stronger  in  proportion  to  his 

weight.  (113). 

Jones  (112)  has  estimated  that  the  combined  influence 
of  the  body  build,  height  and  weight  factors  comprise  up  to 
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75  per  cent  of  all  factors  determining  strength. 

Orban  (113^15^  and  Rasch  (114)  found,  however,  that 
the  body  v;eight  -  Total  Proportional  Strength  relationship  was 
significant  only  with  body  weights  under  ISO  pounds  and  that 
the  correlation  diminished  as  weight  v/as  in  excess  of  this 
poundage.  Sills  and  Everett  (55:227)  reported  a  significant 
dominance,  in  dynamometer  strength  tests,  of  mesomorphs  over 
ectomorphs  due  to  the  '^higher  degree  of  muscular  development” 
in  the  first  group. 

Wear  and  Miller  (115:630)  found  that  excess  weight 

was  a  definite  handicap  in  the  performance  of  various  motor 

fitness  tests.  The  authors  explained: 

This  relationship  may  be  partly  an  indirect 
one  and  factors  other  than  excess  weight  per  se 
may  affect  performance.  For  example,  lack 
of  activity,  which  may  be  partly  re¬ 
sponsible  for  excess  weight,  would  reduce 
muscle  strength  and  power. 

G ire ulo -Respiratory  Endurance.  The  concept  of  en¬ 
durance,  while  generally  accepted  as  an  integral  component  of 
physical  fitness,  is  often  confused  vrlth  various  types  of 
endurance  or  ”stamina”  pertaining  to  bodily  function. 

Whereas  muscular  endurance  is  ”quite  specific  to  the 
muscle  group  being  used”,  (ll6),  circulo-respiratory  function 
involves  the  ”total-body  mechanisms.”  Adamson  (117:16)  has 
observed:  ”In  activities  which  involve  rapid  and  prolonged 

action  of  large  muscle  groups,  it  is  circulo-respiratory 
endurance  which  will  delay  the  onset  of  fatigue.” 

A  considerable  number  of  methods  have  been  designed 

to  evaluate  circulo-respiratory  endurance,  including  measure- 
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merits  taken  in  a  resting  state,  during  various  intensities  of 
exercise  and  in  recovery  from  exercise,  Henry  and  Hodgson 
(11^:3)  state:  ’’The  fundamental  criterion  of  physilogical 
function  is  the  degree  of  external  stress  to  which  the  indi¬ 
vidual  can  adapt  without  loss  of  physiological  integrity,” 

Durin,  et  al  (119),  suggest  that  this  ’’stress”  be 
submaximal  in  nature  and  stipulate:  ’’The  exercise  test  should 
involve  large  groups  of  muscles  and  should  be  simple  to  do, 
the  efficiency  of  the  subjects  should  be  high  and  the  work 
should  be  measureable, ”  Astrand  (120)  recommended  a  test  based 
on  gradually  increased  work  intensity  if  the  increase  in  work 
is  not  too  sudden  and  if  maximal  stress  is  determined  by  the 
work  load  when  a  given  pulse  rate  is  reached, 

Balke  (121)  designed  a  progressive  treadmill  test, 
which  met  the  criteria  mentioned  above,  and  was  used  to  determine 
an  individual’s  ’’biodynamic  potential,”  The  test  involves  a 
progressive  increase  in  slope  at  minute  intervals  until  the 
subject’s  heart  rate  reaches  iSO  beats  per  minute.  At  this 
point  of  ’’impending  e:chaustion” ,  Balke  claims  (122:75)  that  the 
time  for  sufficient  ventricle  filling  betv/een  contractions 
becomes  too  short  as  is  reflected  by  decreases  in  pulse  pressure 
and  the  oxygen  supply  necessary  to  satisfy  the  requirements  of 
the  work  load,  A  continuation  of  vrork  beyone  this  point  is,  in 
most  instances,  not  paralleled  by  ’’further  adequate  functional 
adaptation.”  V/ork,  then,  becomes  increasingly  anaerobic, 

Balke  and  Ware  (121:677)  examined  the  discriminating  ability  of 
many  physiological  variables  for  the  determination  of  work 
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capacity  and  concluded:  ’'Of  all  the  physiologic  functions 
measured,  the  pulse  rate  at  any  given  workload  reflected  most 
closely  the  status  of  the  work  capacity  of  a  person,”  The  design 
of  the  test  is  supported  by  the  constancy  of  treadmill  walking 
mechanical  efficiency  from  one  individual  to  another  as  well  as 
the  high  degree  of  reproducability  of  test  results,  (123,  124)* 
Billings  (125)  substantiates  Balke’s  concept  of  "impending  ex¬ 
haustion”  (at  iSO  beats  per  minute)  and  confirms  the  finding 
that  heart  rate  adaptation  to  each  new  level  of  exercise  is 
complete  v/ithin  one  minute, 

Nagle  and  Irwin  (126:610)  justified  the  use  of  a  heart 
rate  of  1^0  beats  per  minute  as  the  termination  point  for  a 
bicycle  ergometer  test  on  the  basis  that,  ”,,,  the  end  point  is 
established  by  physiological  observation  and  measurement  rather 
than  the  subjects’  will  to  co-operate,” 

A  report  by  Johnson  and  Brouha  (127:500)  cites  the 
physiological  variances  of  trained  and  untrained  men  performing 
sub -maximal  work. 


F it  Man 

Unfit  Man 

Oxygen  consumption 

lovrer 

higher 

Pulse  rate  during  xfork 

lower 

higher 

Stroke  volume  during  work 

larger 

smaller 

Blood  pressure  during  work 

lower 

higher 

Blood  lactate 

lov/er 

higher 

Return  of  blood  pressure 
to  normal  after  work 

faster 

slower 

Return  of  pulse  rate  to 
normal  after  work 

faster 

slower 

Balke  and  Clark  (12^:  ^4)  shov^ed  that  S  to 

12  weeks  of 

physical  training  resulted  in  a  significant  increase  in  treadmill 
performance  time  and  this  improvement  was  subsequently  lost 
during  a  period  of  de-training.  These  same  investigators 
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studied  the  ’’functional  potential"  of  a  male  subject  from  24 
to  53  years  of  age  (12^: ^9)  finding  periods  of  inactivity  to 
coincide  with  v/eight  gain  and  "...  low  states  of  condition." 
Weight  was  reduced  and  the  maximal  oxi^^gen  consumption  in¬ 
creased  as  the  subject  assumed  a  more  physically  active  life. 

Obesity  appears  to  limit  the  cardio-vascular  per¬ 
formance  of  the  individual  as  previously  evidenced  by  those 
studies  v/hich  demonstrated  a  disproportionately  greater  in¬ 
crease  in  energy  expenditure  as  extreme  levels  of  overv/eight 
were  attained »  Buskirk  and  Taylor  (129:7^)  found  that  (with 
sedentary  males)  the  "...  presence  of  fat  does  not  interfere 
with  the  over-all  maximal  cardio-vascular  respiratory  performance 
as  measured  by  the  flax.  V02  test."  The  authors  added,  however, 
that  the  extra  load  "...  makes  the  accomplishment  of  a  specific 
task  more  difficult",  and  that  "...  the  excess  fat  does  in¬ 
crease  the  oxygen  cost  and  therefore  the  cardio-vascular  load 
in  sub-maximal  work."  Miller  and  Blyth  (20:140)  question  the 
implications  to  be  dravm  from  the  initial  findings  of  Buskirk 
and  Taylor  (as  stated  in  the  foregoing)  by  stating:  "Since 
obesity  increases  the  energy  requirement  of  exercise  v/ithout  a 
corresponding  increase  in  maximal  oxygen  capacity,  it  definitely 
limits  the  ability  to  work."  Orban  and  Sklov  (130:24)  studied 
the  relationship  betv/een  body  fat  and  the  "organic  capacity"  to 
adjust  to  exercise  in  champion  male  athletes.  The  results 
indicated  that  although  the  type  of  activity  in  xvhich  a  person 
engages  is  not  related  to  the  pattern  of  fat  deposition,  one 
who  participates  in  an  activity  requiring  high  levels  of  organic 
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endurance  such  as  distance  running  or  cycling,  has  less  fat 
than  one  participating  in  activities  requiring  less  endurance. 

Taylor  (123:14^)  partly  attributes  the  superiority 
in  cardio- vascular  performance  of  trained  over  untrained  persons 
to  the  increased  vascularization  in  the  v/ell-trained  muscles. 

In  reference  to  a  previous  study  (129),  this  author  interpreted 
a  high  correlation  betvfeen  active  tissue  and  maximal  oxygen 
intake  to  be  *^...  consistent  with  but  not  necessarily  a  causal 
factor  in  cardiac  output.*'  Taylor  (123:149)  concludes:  ‘'The 
two  variables  are  intimately  related  in  the  normal  individual 
and  raises 'the  question  of  v/hether  one  (the  cardiac  output) 
is  not  controlled  or  influenced  through  some  intermediate 
mechanism  by  the  other  (muscle  mass).”  The  author  stated  in  a 
later  study  (131:42^):  "The  decline  in  the  maximal  oxygen  in¬ 
take  during  the  early  phases  of  semi-starvation  reflect 
principally  in  a  decrease  in  muscle  mass,  with  the  small  change 
in  the  haemoglobin  concentration  playing  a  minor  role.”  Keys, 
et  al  (7:6^9-749),  demonstrated,  however,  that  as  semi-star¬ 
vation  progressed,  the  ability  to  move  oxygen  to  the  muscles 
was  further  limited  by  ”cardio-vascular  inefficiency”,  in¬ 
creasing  anemia  and  declines  in  both  strength  and  speed  of 
muscular  motion. 

Henry  and  Kleeberger  (132)  in  their  study  of  pulse 
rate  tests  for  cardiac  efficiency  considered  that  body  v/eight 
played  an  important  role  in  cardiac  response  because  of  the 
additional  work  required  by  heavier  persons,  blaster  and 
Oppenheimer  (133)  substantiated  this  concept  in  reporting  a 
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’’linear  relationship”  between  both  pre-  and  post-exercise 
pulse  rate  and  body  weight,  Slbel  (134)  and  Slbel  and 
Holmer  (135)  found  an  insignificant  correlation  (r  =  0.0^7) 
betv/een  body  weight  and  post-exercise  recovery  time  and  this 
relationship  was  similar  for  pulse  rates  taken  both  prior  to 
and  during  the  performance  of  a  tv/o  minute  step  test. 

Buskirk,  et  al  (136),  conducted  a  series  of  experi¬ 
ments  to  determine  the  relationship  between  pulse  rate,  under 
varying  conditions,  and  both  gross  and  component  body  measure¬ 
ments,  The  first  experiment  (136: ^4-^6)  v;ith  35  clinically 
healthy  young  men  yielded  the  following  results: 

a)  the  correlations  between  (densitometrically 
determined)  per  cent  body  fat  and  absolute  body  weight  (.56) 
and  relative  body  weight  (.6?)  were  statistically  different 
from  zero  but  ”...  are  not  high  enough  individually  to  reliably 
predict  fat  content,” 

b)  the  intensity  of  the  association  betv/een  heart 
rate  and  per  cent  body  fat  or  ’’relative  obesity”  was  greatest 
during  exercise  (r  -  .59),  diminished  during  three  minutes  of 
recovery  (r  =  .463)  and  was  only  very  slightly  related  at 
rest  (r  ®  .29). 

c)  at  equal  weight  and  equal  work  done  in  walking 
(the  effect  of  variability  in  body  v/eight  was  partialled  out), 
the  heart  rate  was  significantly  and  directly  related  to  the 
percentage  of  body  weight  represented  by  fat,  r  (partial)  = 
0.35).  These  findings  were  substantiated  in  later  studies 
(136:S6-S7)  with  both  young  and  middle-aged  men.  Ho^^^ever,  a 
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poor  correlation  betv/een  per  cent  body  fat  and  the  work 
pulse  rate  in  older  men  decreased  the  significance  of  body 
fat  as  a  determinant  of  the  hearths  reaction  to  stress.  The 
authors  referred  to  the  work  of  Clawson  (1941)  in  explaining 
that  v;-ith  increasing  age  possibly  ”...  general  myocardial 
degeneration  is  now  the  more  important  variable,’’ 

Buskirk,  et  al  (136:^7)  explained  that  their  studies 
only  pointed  out  relationships  and  did  not  imply  causulity. 

This  limitation  was  based  on  their  statement:  ’’General 
training  or  general  state  of  physical  fitness  probably  is  an 
important  variable  since  the  lean  man  may  be  in  better  physical 
condition  than  the  fat  man  and  have  a  lessened  pulse  increase 
response  for  a  fixed  amount  of  work,”  Elbel  explains  the 
insignificant  relationships  obtained  in  his  studies  (134,  135) 
to  the  fact  that  his  subjects  consisted  of  athletes  in  training 
who  were  in  ’’better  than  average  condition,”  Inkster  and 
Oppenheimer  (133)  used  relatively  sedentary  subjects  in  their 
study,  Kireilis  and  Cureton  (137:132)  found  significant 
negative  correlations  (-,57^  to  -,264)  between  performances 
of  strenuous  physical  exercises  and  external  fat  on  the  body, 
the  correlations  with  endurance  running  being  relatively 
greater  than  for  other  exercise  tests.  Following  six  weeks  of 
vigorous  training  on  a  treadmill,  subjects  demonstrated 
significant  gains  in  performance  on  all  endurance  tests,  along 
with  appreciable  decreases  in  skinfold  fat, 

Riendeau,  et  al  (23:275),  substantiated  these  high 
negative  correlations  between  body  fat  and  performance  times 
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in  endurance  tests.  Weight,  however,  did  not  ’'significantly 
affect”  the  perfornance  of  any  of  the  test  items,  except  the 
220  yard  dash.  The  author’s  data  (121:6^4)  also  illustrates 
”...  the  slight  handicap  of  the  overv/eight  type  who,  on  the 
average,  had  a  poor  work  capacity  v/hile  the  normal  and  under¬ 
weight  men  were  somewhat  better  off.” 

Kotilainen,  et  al  (13^),  administered  a  diet  of  ^00 
calories  per  day  over  three  months  which  resulted  in  an 
average  weight  reduction  of  10.6  kg.  for  a  series  of  women, 
and  13.2  kg.  for  a  series  of  men.  The  weight  reduction  \ms 
accompanied  by  a  lov/ering  of  resting  and  post-exercise  pulse 
rates.  A  low  caloric  diet  without  loss  of  weight,  hov/ever,  had 
no  effect  on  the  above  physiological  parameters.  Tuttle  (139) 
found  similar  results  with  wrestlers  in  training  vxho  experienced 
a  mean  loss  of  five  per  cent  of  their  initial  body  vreight  as  a 
result  of  dehydration  and  caloric  restriction. 

Once  again,  no  ’’best”  method  of  (endurance)  training 
is  definitely  known  and  there  continues  to  remain  many  unsolved 
problems  as  to  the  physiological  understanding  and  basis  of 
such  training  (140,  141). 

Cureton  (ll6:3)  cites  the  v/orks  of  a  number  of 
investigators  in  claiming: 

The  best  events  to  develop  circulatory- 
respiratory  endurance  so  far  knovm  in¬ 
clude:  a)  steeplechase  running,  b) 
continuous  muscular  endurance  exercises 
done  for  thirty  minutes  without  stopping, 

c)  interval  training  in  track,  running, 
cycling,  swimming,  skating,  and  rowing, 

d)  taking  tests  in  endurance  runs,  e) 
cross  country  running,  and  f)  circuit 
training. 
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Alexander,  et  al  (142),  however,  reported 
significant  increases  in  performance  times  on  the  Balke 
treadmill  test  with  subjects  participating  in  a  very  brief 
(10  minute  daily)  program  of  primarily  muscular  endurance 
exercises,  over  a  nine  week  period.  Although  the  subjects^ 
performance  times  did  not  approach  those  achieved  by  athletes 
in  training,  the  findings  tend  to  test  the  tenability  of 
generally  accepted  concepts  concerned  vrith  both  the  pre¬ 
scription  of  endurance  training  methods,  as  well  as  a  defi¬ 
nition  and  complete  physiological  understanding  of  the  term 
itself. 


Anthropometrical  and  Physiological 

Analysis  of  Weight  Changes 

The  only  quantitative  study  reported  in  the  liter¬ 
ature  which  actually  assessed  total  body  weight  in  terms  of 
physiological  and  anthropometrical  variables  is  the  classical 
Minnesota  Experiment  of  Keys  and  co-workers  (?)•  The  study 
took  place  following  the  Second  World  War  with  the  intent  of 
gathering  reliable,  quantitative  information  upon  which  to 
base  an  efficient  dietary  relief  program.  Thirty  two  young 
healthy  subjects  (mean  age  of  25.5  years)  were  restricted  to  an 
average  daily  ”semi-starvation^^  ration  of  1570  calories  (50 
grams  protein,  30  grams  fat)  over  a  24  week  period,  v/ith  ”no 
restriction’^  in  physical  activity.  The  resulting  data  have 
been  compiled  and  simplified  and  are  presented  in  Tables  V 
and  VI. 

Taylor,  et  al  (131),  have  conducted  subsequent  in- 
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TABLE  V 

Analysis  of  Total  Body  Weight  Loss  in  Terms 
of  Body  Composition  (Minnesota  Experiment) 


Weeks  of  Semi 

-Starvation 

Anthropometrical  Variables 

12  weeks 

24  v/eeks 

Total  Body  Weight  (kgs. ) 

('^  of  initial) 

-12oll  kgs. 
-17.4f» 

-16.S2  kgs. 
-24.  2h,io 

Gross  Limb  Circumferences  (inches) 

upper  arm 

calf 

thigh 

-2.4  ins. 

-0.9  ins. 

-2.7  ins. 

-2.7  ins. 
-l.S  ins. 
-3.6  ins. 

Corrected  Limb  Diameters  (inches) 

upper  arm 

calf 

thigh 

-0.6  ins. 

-0.5  ins. 

-0.9  ins. 

-0o9  ins. 
-0.6  ins. 
-1.1  ins. 

Specific  Gravity  (gm./cc.) 

+.0134 

I.01S3 

Total  Body  Fat  (kgs. ) 
of  initial) 

-5.33  kgs. 
-55.1-^ 

-6.95  kgs. 

^Muscle  Mass 
{io  of  initial) 

-\ylo 

-20-/o 

Active  Tissue  (kgs. ) 

(/^  of  initial) 

-7.97  kgs. 

-10.74  kgs. 
-1.9kfo 

^Muscle  i'kss  -  estimated  from  the  average  value  of  the  cross 
sectional  area  of  the  upper  arm  and  thigh,  corrected  for  bone. 

vestigations  at  Minnesota  concerning  the  effects  of  semi¬ 
starvation  on  man.  Two  groups  of  young  men  were  studied  under 
the  follov/ing  conditions: 

a)  one  group  consumed  5^0  calories  per  day  for  12 
days  and  the  other  1010  calories  per  day  for  24  days. 

b)  all  men  ate  a  diet  consisting  of  pure  carbo¬ 
hydrate  and  4*5  grams  of  NaCl  daily. 
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TABLfi  VI 

Analysis  of  Total  Body  Weight  Loss  in  Terms  of 
Physiological  Measurements  (Minnesota  Experiment) 


Weeks  of  Semi- 

•Starvation 

Physiological  Variables 

12  weeks 

24  weeks 

Total  Body  Weight  (kgs. ) 

{%  of  initial) 

-12.11  kgs. 

-17.45^"^ 

-16. B2  kgs. 

—  24*  24/^ 

Basal  O2  Consumption 
{fo  of  initial) 

-34^ 

-397^ 

Pkximal  0^  Consumption 
( litres/minute ) 

(c. c./kgo/wt. ) 

-1.0^  l/min. 

-I.4I  l/min. 

-12  cc./kg.  xvt. 

Respiratory  Efficiency 
(c.c  of  O2  removed  per 
litre  of  inspired  air) 

-9.9  c.c./l 

-9.6  c.c. /lit. 

'!'V/ork  Capacity 
{fo  of  initial) 

(total  kg.  of  v7ork) 

-h-ifo 

-2873  kg,  met. 

-72/ 

-3794  kg.  met. 

Strength 
grip  (lbs. ) 
backlift  (lbs.  ) 

-24.2  lbs. 

-73.9  lbs. 

-36.8  lbs. 

-103. 46  lbs. 

^i-Work  Capacity  -  from  Harvard  (treadmill  run  Fitness  Test. 
Score  is  calculated  from  the  time  of  the  run  and  pulse  rate 
recovery. 

-  The  marked  deteriorations  in  both  Max.  VO2  and  muscular 
strength  occurred  between  a  weight  loss  of  10  to  I6  per  cent. 


c)  assigned  exercise  (running  and  walking)  requiring 
1200  calories  per  day  was  performed  by  each  subject. 

The  5^0  calories  per  day  prevented  ketosis  and 
demonstrable  liver  damage  but  failed  to  maintain  adequate  v/ork 
blood  sugar  levels.  The  capacity  to  perform  both  areobic  and 
anaerobic  x^rk  tasks  was  v/ell  maintained  but  pulmonary 
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ventilation  during  work,  the  oxygen  debt  and  pulse  rate  responses 
to  a  fixed  task  indicated  some  deterioration. 

No  evidence  of  poor  physiological  response  to  the 
stress  of  vrork  was  noted  in  the  1010  calories  per  day  group, 
and  ’^no  important  changes'^  occurred  in  grip  strength  or  the 
lyfex,  VO2  per  kilogram  of  body  weight  or  fat  free  tissue.  The 
total  ikx.  VO2,  however,  declined  slowly  in  both  groups. 

The  authors  concluded  on  the  basis  of  these  findings 
(131:421):  ’^When  sufficient  calories  and  NaCl  in  the  presence 

of  an  adequate  vitamin  intake  are  provided  to  prevent  ketosis, 
dehydration  and  hypoglycemia,  under  conditions  of  moderate 
energy  output,  performance  capacity  is  x^rell  maintained  up  to  a 
weight  loss  of  10  per  cent  of  the  original  body  weight,’^ 

The  weight  loss  in  the  above  experiment  was 
accompanied  by  substantial  decreases  in  body  fat,  the  fat-free 
body  weight,  muscle  mass  and  (initially)  body  water  (46), 
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CHAPTER  111 
METHODS  AND  PAOGEDUxtE 

Subjects.  The  subjects  consisted  of  a  single  group  of 
seven,  healthy,  male  university  students  varying  initially  in 
their  respective  amounts  of  body  fat.  Fourteen  students  were 
individually  interviev/ed  and  the  final  group  chosen  on  the  basis 
of  availability  of  time,  degree  of  fatness,  and  recent  medical 
reports  pertaining  to  the  physical  health,  both  past  and 
present,  of  the  individual. 

This  preliminary  screening  classified  the  subjects 
according  to  their  degree  of  subcutaneous  fat  as  determined  by 
the  summation  of  measurements  taken  at  three  skinfold  sites 
(chest,  umbilical,  supra- iliac ) .  The  total  was  then  applied  to 
normative  tables  of  subcutaneous  fat  values  for  male  students  as 
compiled  by  Yuhasz  (1:101)  (see  Appendix),  and  a  general 
"obesity’^  classification  given  to  each  subject. 


TABLE  Vll 


Pre-Sxperimental  Classification  of  Subjects 


Subject  Age  General  Description 


R.H. 

C.B. 

Mo  G. 

G.H. 

L.Y. 

J.D. 


M.B. 


19  first  year  student 

21  first  year  student 
iS  first  year  student 
2S  second  year  student 

22  second  year  student 
24  graduate  student 

(investigator  and 
instructor ) 

22  second  year  student 


Subcutaneous  Obesity 

Fat  Total^'!^ (mm.  )  Glassification 


152. s 

Obese 

133.2 

Obese 

129.7 

Obese 

97.9 

Fat 

61.9 

Plump 

3b. 3 

Average 

31.3 

Thin 

'I'Total  taken  from  the  summation  of  skinfold  measurements,  taken 
at  the  chest,  umbilical  and  supra-iliac  sites. _ 


Procedure.  The  study  was  divided  into  three  con- 
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secutive  sections  over  a  period  of  16  weeks  as  described 
below: 

Instructional  Phase  1«  The  subjects  trained  4-5  days 
weekly,  50-60  minutes  a  day  over  a  period  of  ei,g;ht  weeks.  The 
group  met  at  a  stipulated  time  each  day  and  xvere  under  supervision 
and  instruction  throughout  the  duration  of  the  session.  Each 
subject  recorded  his  dietary  intake  each  day. 

Non-Instructional  Phase  11.  This  particular  aspect  of 
the  study  convered  a  five  week  period,  both  during  and  immedi¬ 
ately  follov/ing  Christmas  vacation.  The  subjects  were  com¬ 
pletely  free  of  supervision  or  instruction  throughout  the 
duration  of  this  period  and  were  geographically  divorced  from 
any  elaborate  athletic  facilities  or  equipment  such  as  those 
that  had  been  available  at  the  University.  Dietary  intake  and 
activity  participation  were  recorded  daily  by  each  subject. 

Instructional  Phase  111.  This  phase  covered  five 
weeks,  with  the  subjects  participating  in  40  to  50  minutes  of 
exercise,  four  times  per  week.  Instruction  during  this  phase 
of  the  study  was  kept  to  a  minimum  and  the  type  of  activity 
participation  for  each  subject  was  entirely  elective. 

The  ’^fat’’,  ’’average’^  and  ”thin’'  subjects  took  part 
in  no  regular  physical  activity  outside  of  the  experimental 
program.  The  three  ’^obese”  subjects  v/ere  enrolled  in  required 
swim  classes  for  beginners,  which  met  twice  weekly  for  30-35 
minutes. 

The  complete  battery  of  tests  was  administered  on 
four  separate  occasions,  i.e.,  at  the  beginning  and  end  of  the 
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three  phases.  Total  body  weight  and  basal  oxygen  consumption 
V7ere  measured  once  every  two  weeks  throughout  phases  1  and 
111. 


TABLE  7111 

Summary  of  Test  Items 


Test  Items 


Purpose 


Gross  Body  Measurements  (3) 

Skinfold  Fat 
(S  sites) 

Gross  Limb  Circumferences 
(3  sites) 

Corrected  Limb  Circumferences 
(3  sites) 

Hydrostatic  Weighing 


Strength 


Balke  Treadmill  Performance 
Test. 

Basal  Oxygen  Consumption 


Questionnaires  (2) 


Inventories  (2) 


To  measure  total  body  weight, 
height  and  body  surface  area. 

To  determine  the  amount  and  dis¬ 
tribution  of  subcutaneous  fat* 

To  determine  gross  circumfer¬ 
ences  of  upper  arm,  thigh  and 
calf  areas. 

To  determine  changes  in  muscle 
mass  at  the  above  sites. 

To  determine  body  density  and 
thus  divide  the  body  into 
anatomical  compartments. 

To  determine  the  strength  of 
each  of  four  muscle  groups, 
total  proportional  strength  and 
strength  per  lb.  of  body  weight 
and  per  lb.  of  fat-free  body 
we ight . 

To  evaluate  circulo-respiratory 
fitness  for  sub-m*aximal  work. 

To  calculate  the  B.M.R.  per  unit 
of  body  weight  and  fat-free 
body  weight. 

To  determine  the  suitability  and 
background  of  the  subjects  prior 
to  phase  1  and  to  evaluate  the 
exercise  program  in  terms  of  the 
subjects’  personal  reactionso 
To  record  daily  caloric  intake 
(all  phases)  and  daily  activity 
participation  (phase  11). 


Appraisal  of  Body  Composition 
Gross  Body  Measurements.  1.  Total  Body  Weight  was 


measured  on  a  standard  laboratory  scale  to  the  nearest  quarter 
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of  a  pound.  Subjects  were  nude,  in  a  basal  state  (12  to  14 
hours  after  eating),  and  the  bladders  were  empty, 

2,  Height,  standing.  The  total  body  length  was 
taken  from  the  soles  of  the  feet  to  the  top  of  the  head.  The 
subject  stood  barefoot  with  the  feet  together,  the  heels  and 
scapulae  in  contact  v/ith  the  vertical  arms  of  the  stadiometer. 
The  attached  horizontal  arm  of  the  stadiometer  was  lovrered  to 
make  firm  contact  v/ith  the  scalp.  The  height  was  measured  to 
the  nearest  quarter  of  an  inch. 

3.  Body  Surface  Area  (in  square  metres)  was  deter¬ 
mined  by  applying  the  subjects^  measured  height  and  weight  to 
the  "Body  Surface  Chart”  (nomogram)  of  Dubois  (2:32) 

Subcutaneous  Fat,  Skinfold  measurements  were  taken 
by  the  following  standardized  procedure: 

1,  A  fold  of  skin  was  firmly  grasped  between  the 
left  thumb  and  forefinger  and  lifted  up, 

2,  The  contact  surfaces  of  the  caliper  were  placed 
approximately  1  cm,  from  the  fingers, 

3,  The  pressure  of  the  fingers  was  gradually  re¬ 
leased  so  that  the  greater  pressure  was  exerted  by  the  caliper. 

4,  The  scissor  grip  of  the  caliper  was  released  by 
the  right  hand  and,  vihen  the  needle  stopped,  the  reading  was 
taken  to  the  nearest  tenth  of  a  millimeter. 

All  subcutaneous  fat  measurements  were  taken  with  the 
Harpenden  Skinfold  Caliper,  with  a  contact  surface  of  6  x  15 

mm.  and  a  constant  pressure  of  10  gm/mm^. 

The  follov/ing  sites  were  measured  on  the  right  side 
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of  the  body: 

1.  Upper  Arm  (2  sites).  The  sites  are  located  over 
the  triceps  and  biceps  areas  at  the  level  of  greatest  prominence. 
The  level  was  located  with  indelible  markings  when  the  arm  was 
flexed  at  90°.  Measurements  were  taken  with  the  arm  hanging 
freely,  the  crest  of  the  skinfold  being  parallel  to  the  long  axis 
of  the  arm. 

Sub scapular  skinfold  was  measured  below  the  tip  of 
the  r'ight  scapula,  with  the  subject  standing,  but  relaxed.  The 
fold  was  lifted  along  a  line  about  45*^  from  the  horizontal 
level,  going  medially  upward  and  laterally  downward. 

3*  Supra-iliac  skinfold  is  located  immediately  above 
the  crest  of  the  right  ilium.  The  fold  was  lifted  at  a  slight 
angle  to  the  vertical  along  the  normal  fold  line. 

4.  Umbilical  skinfold  is  located  to  the  left  of, 
adjacent  to  and  in  line  with  the  navel.  The  fold  was  lifted 
parallel  to  the  long  axis  of  the  body. 

Thigh  (2  sites).  The  sites  are  located  over  the 
front  (quadriceps)  and  rear  thigh  areas  at  the  level  of  greatest 
dorsal  and  frontal  prominence.  This  level  was  located  by  in¬ 
delible  markings  with  the  foot  placed  on  a  six  inch  bench,  hips 
lov^-ered  until  an  angle  of  90^  was  assumed  at  the  knee  joint  and 
muscles  contracted.  The  measurements  were  taken  with  the  foot 
placed  on  a  six  inch  bench,  with  the  knee  slightly  flexed  and 
muscles  relaxed.  The  fold  was  lifted  parallel  to  the  long  axis 
of  the  leg. 

Calf.  The  site  is  located  at  the  level  of  greatest 
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prominence  on  the  medial  aspect  of  the  calf.  The  level  is 
located  with  the  subject  in  the  same  position  as  was  described 
above  for  the  location  of  sites  on  the  thigh.  The  skinfold  is 
lifted  parallel  to  the  long  axis  of  the  leg  with  the  knee 
slightly  flexed  but  muscles  relaxed. 

7*  Chest.  ( juxta-nipple )  The  site  is  located  above 
and  slightly  to  the  right  of  the  nipple.  The  skinfold  is  lifted 
at  a  45"^  angle  to  the  horizontal  with  the  subject  breathing 
normally. 

Body  Dimensions.  Limb  girths  of  the  flexed  upper  arm, 
thigh,  and  calf  were  taken  at  levels  previously  described  for 
the  location  of  skinfold  fat  measurements  in  these  particular 
areas.  The  girths  were  all  taken  at  right  angles  to  the  long 
axis  of  the  limb,  with  a  (Mitchell)  anthropometric  steel  tape 
which  applied  a  constant  tension  for  all  measurements.  Measure¬ 
ments  were  recorded  to  the  nearest  one-tenth  of  an  inch. 

The  limb  girths  were  corrected  for  their  covering  of 
subcutaneous  fat  by  assuming  the  girth  to  be  circular  and  that 
the  average  of  the  two  skinfolds  measured  represented  the 
average  thickness  of  the  subcutaneous  fat  about  the  whole  limb. 
The  corrected  limb  diameter  was  then  obtained  by  applying  the 
formula  as  outlined  by  Brozek  (3-17)  and  illustrated  by  Yuhasz 
(1:44)  (see  figure  11). 

In  correcting  the  calf  girth,  the  medial  skinfold  only 
was  measured.  The  summation  of  the  three  fat-corrected  sites 
was  used  as  an  indication  of  total  muscle  mass  (actually  muscle 


plus  bone). 
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Figure  11 

Cr^RRECTION  OF  LIMB  CIRCUMFERENCES  FOR  SUBCUTANEOUS  FAT 


LOCATION  OF  SITES 


Circumference  of  upper  arm  -  14.0  in. 
Double  Bicep  skinfold  thickness  -  6  mm. 
Double  Tricep  skinfold  thickness  -  10  nvm 

Circumference  of  upper  arm  in  cms: 

14.0  X  2,54  •  35.56  cm. 

Diameter  of  upper  arm  in  cms.: 

11.33  cm 


Sample  Calculation:  (Yuhasz-1962) 


Bicep  Skinfold  site 


Tricep  Skinfold  site 


OROSS  CIRCUMFERENCE 
(Mitchell,  constant  tension,  tape) 


Bicep  plus  tricep  tat  thickness  -  16  mm 
Average  thickness  -  8  mm  or  0.8  cm 
Diameter  of  arm  corrected  for  fat: 

11.33  -  0.80  .  10.53  cm 
Circumference  of  upper  arm  corrected  for  fat: 
10,53  cm  xTT:  33.0  cm  x  2.54  -  13.0  in. 


FRONTAL  SKINFOLD 
(tricep) 


DORSAL  SKINFOLD 
(bicep) 
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The  circumference  of  the  abdomen  was  taken  at  the 
level  of  the  umbilicus,  and  in  a  plane  at  right  angles  to  the 
vertebral  column.  The  subjects  stood  with  head  erect,  breathing 
normally  and  v/ith  the  upper  extremities  held  slightly  away  from 
the  body.  The  tension  applied  by  the  tape  was  sufficient  only 
to  enable  the  tape  to  remain  in  place  v/ithout  slipping, 
Densitometric  Determination  of  Body  Compartments 

1.  Hydrostatic  Wei^^hing  Technique,  All  measurements 
took  place  in  the  diving  v/ell  section  of  the  University  swimming 
pool.  The  apparatus  used  in  measurement  consisted  of  the 
following  (see  Figure  111), 

a)  Collins  Vitaloraeter  (for  Vital  Capacity  determi¬ 
nation)  • 

b)  Toledo  ”No  Springs'^  Scale  (Model  No,  15594)  which 
was  securely  fastened  to  the  one  metre  diving  board.  The  scale 
was  graduated  in  ounces  and  the  dash  pot  was  filled  with  heavy 
(number  20)  oil  to  ensure  slow  movement  of  the  scale  hand  for 
more  accurate  readings,  A  regulating  device  was  mounted  on  the 
scale  which  maintained  the  scale  dial  at  a  zero  reading  until 
the  subject  was  submerged  and  in  a  steady  position, 

c)  Weighted  abdominal  belt  which  ensured  negative 
buoyancy  on  the  part  of  all  subjects.  The  belt  was  attached,  by 
cables,  to  a  circular  metal  apparatus  which  served  to  keep  the 
cables  away  from  the  subject's  body,  and  this  apparatus,  in  turn, 
was  hooked  to  the  bottom  of  the  scale. 

Prior  to  the  underwater  weighing,  the  subject's  vital 
capacity  was  taken  vrhile  holding  on  to  the  edge  of  the  pool  and 
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Figure  111 


HYDROSTATIC  WEIGIUNG  TECHNIQUE 


VITAL  CAPACITY 
(partially  submerged) 


APPARATUS 


SUBMERSION 
(maximal  inspiration) 


SUBMERGED  POSITION 
(maximal  inspiration) 
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while  submerged  to  the  neck.  The  maximal  inspiration  of  the 
subject  was  audible  and  the  highest  measurement  of  four  trials 
was  considered  as  the  subject's  partially  submerged  vital 
capacity. 

The  apparent  submerged  weight  was  determined  in  the 
following  manner: 

a)  The  v/eighted  belt  was  secured  around  the  abdomen 
and  the  subject  slid  quietly  into  the  water  holding  on  to  the 
edge  of  the  pool. 

b)  The  subject  submerged  completely  and  scrubbed  the 
body  to  dislodge  gas  bubbles  in  the  skin  and  hair. 

c)  Immediately  following  a  maximal,  audible  in¬ 
spiration,  (identical  to  the  inspiration  for  the  measurement  of 
vital  capacity) ,  the  subject  was  lowered  below  the  water. 

d)  V/hen  the  subject  had  reached  a  position  of  fiull 
extension  (level  of  abdominal  belt  vras  1^  inches  below  water 
surface),  with  arms  hanging  in  contact  with  the  body,  the '’regu¬ 
lating  dial^'  was  turned  to  activate  the  scale  hand  and  the 
reading  was  taken  to  the  nearest  ounce  (usually  vrithin  5-7 
seconds ) . 

e)  Follov/ing  the  reading,  the  subject  v^as  immediately 
touched  on  the  chest  with  a  pole  and  pulled  to  the  surface. 

f)  The  test  was  repeated  until  the  lowest  measured 
weight  was  obtained  (t  2  ounces)  on  three  trials.  Each  subject 
underwent  five  to  ten  ^’training”  trials  prior  to  the  initial 
measurement  to  overcome  fear  of  submersion  and  to  promote  re¬ 
laxation  during  the  actual  measurement. 
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The  subject  was  weighed  with  a  maximal  inspiration. 

Two  readings  were  also  taken,  v/hen  possible,  v/ith  the  subject  in 
a  state  of  maximal  expiration  in  order  to  check  the  spiroraetric 
vital  capacity  determinations.  The  room  and  water  temperatures 
and  barometric  pressure  (mm,  hg)  were  recorded  at  the  time  of 
each  v/eighing. 

2,  Formula:  (for  measurement  taken  at  full  inspiration) 

Body  Density  = 

_ ;^M^ht_,,An,Air_^ _ _ _ ^  Y  Density  of 

Weight  in  air  -  weight  in  water  -  0,0362  (TLC  VGI)  Water 

Note  -  Total  Lung  Capacity  (T.L.G,)  in  cubic  inches  was  con¬ 
verted  to  pounds  by  multiplying  by  0,0362, 

-  Density  of  Water  was  corrected  for  water  temperature, 
which  remained  constant  {27^0,  to  2S^G.)  for  all  measurements. 
Example,  density  of  water  at  27'^C,  »  0.99654® 

-  Lung  Volumes  were  reduced  to  values  under  ”Body  Conditions”, 

i.e.,  at  actual  atmospheric  pressure,  body  temperature  (37''C,) 
and  fully  saturated  v/ith  water  (B.T.PoS.) 

-  V.G.I,  -  Volume  of  gas  in  the  gastro-intestinal  tract. 

An  average  volume  of  115  ml.  was  assumed  for  this  study  as  pro¬ 
posed  by  Bedell,  et  al  (4:664),  from  plethysmographic  determi¬ 
nations. 

3.  Sample  calculations  for  body  density  and  the  body 
compartments  are  presented  in  the  appendix.  The  formula  of 
Brozek  and  Keys  (5:2SO)  was  used  to  determine  total  body  fat 
from  human  density: 

Total  Fat  =  4.201  -  3.^13 
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4.  Measurement  of  Residual  Volume,  The  total  lung 
capacity  was  determined  on  land  by  the  nitrogen  dilution,  closed 
circuit  technique.  Procedures  and  calculations  were  based  on 
the  principle  as  outlined  by  Comroe,  et  al  (6:15-17),  (see 
Appendix  G ) , 

The  subject  was  re-breathing  from  the  spirometer  at 
the  ’'more  constant”  resting  respiratory  level  and  the  calculation 
of  residual  value  v/as  thus  determined  from  the  measured 
functional  residual  volume:  R  V  =  functional  residual  volume  - 
expiratory  reserve  volume. 

Vital  capacity  measurements  were  conducted  immediately 
follov^ing  the  attainment  of  helium  equilibrium  (in  the  spiro¬ 
meter  and  lungs)  and  the  values  v/ere  taken  directly  from  the 
kymograph  recording  and  corrected  to  BTP3. 

Testing  conditions  did  not  allow  for  the  determination 
of  residual  volume  v/hile  the  subject  was  submerged.  The  follow¬ 
ing  precautions  were  taken  in  order  to  minimize  any  error  which 
might  result  from  the  possible  compressive  effect  of  water  on 
the  chest  and  abdomen: 

a)  the  lung  volume  measurements  on  land  were  taken 
within  a  few  hours  after  the  subject’s  apparent  weight  in  water 
was  determined, 

b)  the  ’’land"  measurements  were  taken  with  the  sub¬ 
ject  in  an  upright  position,  and 

c)  the  volume  obtained  on  land  was  checked  by  taking 
two  readings  of  the  vital  capacity,  i.e.,  one  on  land  and  the 
other  vjlth  the  subject  submerged  to  the  neck.  This  procedure 
provided  three  determinations  of  the  vital  capacity  (including 
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the  difference  betv/een  the  weight  of  the  submerged  subject  in 
states  of  maximal  expiration  and  maximal  inspiration).  The 
largest  of  the  two  values  (in  cubic  inches)  was  then  considered 
as  the  subject’s  vital  capacity  in  the  calculation  of  body 
density. 

Measurements  of  Body  Function 

Basal  Oxygen  Consumption  (Closed  Circuit  Method). 

All  determinations  of  basal  oxygen  consumption  were  carried  out 
on  a  Collins  13.3  litre  Bespirometer,,  The  laboratory  conditions 
for  testing  were  as  follows: 

1)  the  test  was  adminstered  in  a  vrell  ventilated, 
quiet  room  and  a  comfortable  temperature  of  66‘  F.  -  72^F.  was 
maintained , 

2)  the  testing  table  was  comfortably  padded  and  a 
small  pillovr  and  blanket  x^rere  provided  for  each  subject,  and 

3)  the  respirometer  was  prepared  prior  to  each 
testing  by  flushing  it  out  v^ith  oxygen  and  checking  the  CO2 
absorber  (soda  lime  cannister)  for  crystal  discolouration  . 

The  following  routine  was  standardized  for  each  testing: 

1)  the  subject  came  to  the  baboratory  between  7:30 
and  9‘00  a.m.  in  a  post-absorptive  state,  i.e.,  13-14  hours 
after  eating, 

2)  a  rest  period  of  20  minutes  was  assigned  for  each 
subject  follov/ed  by  a  ten  minute  training  session  whereby  the 
subject  was  familiarized  v/ith  a  nasal  clip  and  a  mouthpiece, 

3)  the  testing  procedure  and  spirometer  mechanism  were 
carefully  explained  to  each  subject  and  he  was  instructed  to  con- 
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centrate  on  subject  matters  other  than  breathing,  to  breathe 
only  through  the  mouth  and  to  keep  the  lips  pressed  firmly 
around  the  mouthpiece, 

4)  the  free  breathing  valve  at  the  mouth  was  then 
closed,  ”re-breathing”  from  the  spirometer  began  and  a  kymograph 
recording  was  taken  x-^ith  the  drum  turning  at  the  slow  speed  (32 
mm,  per  minute), 

5)  the  test  lasted  for  a  period  of  10  minutes  (minimum) 
with  relaxed,  co-operative  subjects.  If  breathing  was  irregular 
or  interrupted  by  frequent  sighs,  spirometry  was  prolonged  until 
an  adequate  oxygen  base  line  could  be  drawn.  Repeated  trials 
were  carried  out  on  consecutive  days  if  a  subject  continually 
demonstrated  an  inability  to  relax,  and 

6)  sixty  second,  brachial  pulse  rates  were  obtained 
periodically  throughout  the  resting,  training  and  re-breathing 
portions  of  the  test,  for  the  detection  of  abnormalities  or 
irregularity. 

The  volume  of  oxygen  uptake  was  measured  by  reading 
directly  from  the  paper  graduated  in  ml.  and,  because  the  volume 
is  a  reflection  of  metabolic  activity,  it  was  expressed  at 
standard  pressure,  standard  temperature,  and  dry  (3TPD).  A 
sample  calculation  is  presented  in  the  appendix. 

The  basal  metabolism  was  expressed,  for  the  purpose  of 
analysis  and  interpretation  under  changing  conditions,  in  terms 
of : 

a)  total  Oxygen  Consumption,  in  c.c.  per  minute. 

b)  oxygen  Consumption  per  kg.  of  total  body  weight,  in 
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c. c.  per  kg. ,  and 

c)  oxygen  Consumption  per  kg,  of  fat-free  body 
weight,  in  c.c.  per  kg. 

Static  3treng;th  Measurements.  A  Preston  back  and  leg 
dynamometer  was  used  for  measuring  the  back  and  leg  lifts,  and 
a  manuometer,  of  the  rectangular  type,  was  used  for  the  de¬ 
termination  of  grip  strengths.  Both  instruments  were  calibrated 
in  pounds  and  the  back  and  leg  dynamometer  was  permanently 
mounted  on  an  15  inch  bench  to  facilitate  more  efficient  and 
accurate  test  administration.  Three  trials  were  provided  at 
each  testing  session  and  the  highest  poundage  recorded  as  the 
subject's  ^maximum”  volitional  strength  for  the  particular  test 
under  study, 

1.  Grip,  Back  Lift  and  Leg  Lift.  The  administration 
of  the  four  tests  was  carried  out  according  to  the  procedure  as 
outlined  by  Clarke  (5:l55)  (see  Appendix  C). 

The  testing  technique  for  the  leg  lift  (with  belt) 
differed  slightly  from  the  suggested  procedure  in  that  the 
measured  angle  of  knee  flexion  remained  constant,  110  to  115 
degrees,  for  each  trial. 

2.  Total  Proportional  Strength.  (T.P.S.).  The  sum¬ 
mation  of  the  "maximum”  strengths  recorded  for  each  of  the  four 
tests  was  considered  as  the  "total  proportional  strength." 

3.  Strength  per  pound  of  body  weight  and  fat-free 
body  weight'.  These  ratios  xvere  determined  by  dividing  the 
"total  proportional  strength"  by  the  total  body  v/eight  and  the 
fat-free  body  weight,  respectively,  of  the  individual. 
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Balke  Treadmill  Test  of  Functional  Potential.  The 
treadmill  performance  test  was  used  to  assess  the  ability  of 
the  individual's  circulo-respiratory  systems,  in  terms  of  heart 
rate  response,  to  adapt  to  increasing  work  loads. 

On  three  consecutive  days,  immediately  prior  to  the 
test,  subjects  were  given  trials  of  3  to  5  minutes  duration 
whereby  they  practised  walking  on  the  treadmill  at  a  speed  of  3.3 
m.p.h.  with  varying  gradients. 

The  test  was  administered  according  to  instructions 
as  outlined  by  Balke  (B:74). 

lo  Each  subject,  dressed  suitably  for  activity,  stood 
on  the  treadmill  and  his  pre-test  heart  rate  xvas  recorded  for 
three  minutes. 

2.  The  subject  then  walked  on  the  treadmill  at  a 
constand  speed  of  3.3  m.p.h.,  the  grade  being  raised  one  per 
cent  from  the  horizontal  each  minute.  Heart  rate  was  measured 
at  the  end  of  each  minute  from  a  continuously  recording  Sanborn 
electro-cardiograph  until  the  heart  rate  reached  170  beats  per 
minute,  after  v/hich  time  the  readings  were  taken  every  thirty 
seconds. 

3.  The  subject  continued  exercising  at  increasing 
work  loads  until  his  heart  rate  reached  IBO  beats  per  minute. 

4.  The  procedure  was  then  terminated  and  the  heart 
rate  similarly  recorded  during  a  three  minute  recovery  period. 

The  subject's  ’'work  capacity"  score  was  computed  in  terms  of: 

a)  performance  time,  in  minutes,  and 

b)  total  kg.  metres  of  (mechanical)  work  completed. 
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The  latter  score  was  determined  from  the  table  devised  by 
Pestalka  (9)  based  on  the  speed  of  the  treadmill  (3*3  m.p.h*  or 
met./min.),  the  vertical  height  of  the  treadmill  at  test 
completion  and  the  total  mass  of  the  individual  in  kgs. 

The  consistency  of  treadmill  speed,  at  varying  grades, 
was  tested  periodically  and  the  paper  speed  of  the  electro¬ 
cardiogram,  which  varied  between  23  and  23  mm.  per  second,  was 
checked  preceding  each  test. 

Questionnaires  and  Inventories 

The  forms  used  for  the  collection  of  data  pertaining 
to  both  personal  and  evaluative  information  are  presented  in 
the  Appendix. 

1.  Health  and  Fitness  Questionnaire.  This  form  was 
completed  by  all  individuals  (14)  who  were  intervievred  prior  to 
the  beginning  of  the  study.  The  questionnaire,  as  v/ell  as  the 
accompanying  interview,  was  designed: 

a)  to  discover  any  diseases  or  chronic  ailments 
previously  possessed  by  the  individual, 

b)  to  determine  the  activity  participation  and 
(generally)  the  dietary  habits  of  the  individual, 

c)  to  discover  the  subject’s  opinions  as  to  the 
cause  of  his  ’’weight  problem”  as  well  as  any  problems  of  ’’over¬ 
weight”  which  existed  in  his  immediate  family,  and 

d)  to  measure  and  record  skinfold  fat  measurements 
which  provided  a  subsequent  classification  for  each  subject. 

2.  Caloric  Intake  Inventories.  Each  subject  tabulated 
the  quantities  of  various  foods  eaten  daily  throughout  the 
entire  experimental  period  as  well  as  over  a  period  of  three 


b^nx  ) .  itw-  fexw  s'loue  exfT 


‘C‘  CC'-:.^V^i-  -•  ''^.o  Sl'fX  ;'■  'Ijl, 

,  .  j;  ;  <  -  .  one  'Ic  b:*  qj.  .r'r  at  fce-’.xjo  ^'C)  £>.i£C?ae^ 

.'li.'TiL  x* '• :  cn^  'lo  Icor^'xxv  t»ri^ 

,  .:i  nx:  I.'.ui  ivxbnb  siio  'ic  casxa  XxJ'*j  t.:.  i  i’ ■.  ■  r.cicJ  elc*.;r  o 


;  XlX  IC.LX/ilW  X  ^ 

:  r  xi^rj  xcid 

lo  Yons^oJrnoo  snX 

-c-'idooXs  fidd  lo 

boXGX  "loqpG  r.f!j 

:.r.£  Y-l£G2bob7' Lo 

•c.cd  e£w 

^  'JSc  '. 

7.  :C  Jbr.r  It.  V 

,•  d  b&L":c V  1,1 1.  j  . 

':;:  cib7£0 

.  0 d  ii 0£©  ^AibSO  '-- 

L9i/o©rio 

ssx'icdr.fYxI  '  px 

f^C'XX/-n;-f.\X  Jxoxv' 

pXjixx. fJ-  -  -C 

iu  'X'osIIoo  ei:J 

^rl  b£*c:  x,:7c':  edV 

AX  XF.:r:xoe‘- •  ■  g. 

n!'-.: xx^'xcliii  ^vl 

.;  •:  I.  X  /.V  •:.  i  r:  x  X  Xi’!  &  'loq 

xidod  oc' 

.''xfcrocjqA  erf^ 

xV-  ;/-cl  ci/ix  •  -■■  ...  t  , x  c.  i  a.  x  if  £  x  C;X  t  -  - 

icix  -  .- .  ..X  s^iC'v/’  Oib-/  (-.'I)  &I -.x '  J-v r.  r  IIf  Td  fceqelci/.co 

c’.,r  IIx’.:  c.  ^  '  .TFo.’t  jLsxi  erf’  ^r;.;  '.f  -  xxn  x^sd  odd 

:  b  in:  i  ti  o  x  ^  ^  *  "i s  jn .  ^  x  ‘*'  C'  ^  ^  ^ 

FXr.-.  fv.Ixr  v.j.x'irio  riwv  c^r  :sei;:  Vi'L  i=/VCoei:i:*  od  Ir. 

^  •  ^■vxi.xii:  srid  vd  horc:a?,rcq 

X':vi::;oF  srld  or.ircT&t&b  cd  (cf 

vx'  ;lsib  f9iij  {\il B':sne'^) 

.r  .-^  F '  1 


bn,-  nci  -'x-^  “r  ' 


xv'. !f;i  lo  edxc. 


•  • 


.i' J  cj  sfi  es^a  ii.  a  ;  ‘dosxcx'E  vf  j  'loxoor-x 


i-jvo*'  Ic  l£xr;-iq  qi:,--  >'  IIs’'  LXr  *xii€XcG':(:  exii  lo  ScUfiO 

bxij-  j.^'cnFl  edxXbt'wuiix  aid  i-i  b  X-  .::o 


c.::.e;;i--xxax£*j  ^  3‘i  bxo‘Xix:ji2  ixc:  r  n£  sTiJar 


r*.  ' 

•  ^  V  xJ 


.dxo^cj:;?:  xiix  X  xcXi  /:oi:d£Di:‘‘ ^sarlo  dneupeacuc  x  bv!.xYOT:q  rioirfw 
£/  ^  oxxqX  ,  .  . 

©ilJ  dxionruo^^Id  xlbib  net  cp-'^c'"'.  ^loXxxv  Ic  e_xdidr^i;;  srld 
Sd^ifid  lo  jboi:^ec  b  isvo  as  IIs^*  as  bcxxrxc  Ix o'xxdns 


ri  r* 

-  op  - 


weeks  prior  to  experinental  phase  1,  The  caloric  equivalents 
of  food  portions  were  calculated  from  the  ’’Canadian  Dietary 
Standards  and  Food  Values”,  1950  (10). 

3«  Physical  Activity  Inventories.  A  daily  record  of 
physical  activity  was  recorded  by  each  subject  during  the  Non- 
Instructional ,  phase  11,  of  the  study.  ’’Vigorous  activity”  was 
considered  as  those  sports  and  exercises  which  were  identical  or 
comparable  to  the  activities  in  which  the  subject  participated 
during  Instructional  phases  1  and  111.  The  number  of  hours 
spent  v/eekly  in  vigorous  muscular  activity  ’was  computed,  totalled 
and  compared  to  participation  during  the  other  phases  of  the 
study. 

4.  Program  Evaluation  Questionnaires.  The  aim  of 
these  questionnaires  vras  to  discover  the  subjects’  personal 
reactions  -  likes  and  dislikes,  to  the  exercise  program.  The 
forms  were  completed  every  two  weeks  throughout  phases  1  and  111. 

Activity  Program  Description.  The  activity  program, 
as  conducted  during  phases  1  and  111  of  the  study,  may  be 
described  briefly  according  to  its  three  basic  components  -  exer¬ 
cise,  sports  and  education.  Each  activity  session  lasted  50  to 
60  minutes  with  the  content  of  each  session  varying  considerably 
from  day  to  day. 

a)  Exercise.  The  aim  of  this  aspect  of  the  program 
was  to  introduce  the  subjects  to  the  various  forms  of  training, 
which  included:  interval  training,  progressive  loading  exercises, 
isometric  contractions,  running  (track  and  cross  country), 
circuit  training,  and  ’’free”  exercises  which  stresses  high 
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repetitions  with  the  body  weight  providing  the  resistance. 

The  progression  of  exercises,  that  is  the  increase  in  intensity, 
was  individually  oriented  and  daily  records  were  kept  for  each 
subject.  During  the  initial  phase  of  the  study,  the  subjects 
were  continually  under  close  instruction  and  supervision.  In 
phase  111,  however,  the  subjects  were  allowed  to  choose  their 
own  type  of  training  program. 

PpQJ^ts.  Vigorous  sports  participation  was  included 
in  almost  every  training  session.  The  sports  included;  handball, 
squash  and  swimming.  The  stress  was  placed  on  vigorous,  ’’con¬ 
tinuous  movement”  participation  and  this  pattern  was  maintained 
in  both  instructional  and  competitive  situations, 

c)  Education.  An  attempt  was  made  to  ’’educate”  the 
subjects  in  terms  of  providing  gener'al  information  concerning; 
i)  the  knov/n  physiological  and  anatomical  implications  of 
exercise  and  sport,  and  ii)  the  underlying  principles,  advantages, 
and  disadvantages  of  the  various  types  of  physical  training. 

This  information  was  made  available  through  brief, 
periodic  lectures,  mimeographed  materials,  and  informally,  by 
encouraging  and  answering  pertinent  questions  posed  by  the 
subjects. 

Photographs 

The  subjects  were  photographed  in  the  frontal,  dorsal 
and  profile  positions.  The  subject  stood  at  attention  with  the 
chest,  abdomen  and  arms  in  a  relaxed  position.  The  photographs 
were  taken  immediately  prior  to  phase  1  and  at  the  termination 
of  phases  1  and  111, 
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A  Hasselblad  55  c.  camera  with  an  50  mm.  lens  and 
triex  film  (speed  rating  of  400  A.S.A. )  were  used,  with  avail¬ 
able  lighting,  for  all  photographs. 

Correlation  Stud}'’ 

The  subjects  consisted  of  34  healthy  college  freshmen 
ages  17  -  25  years.  The  subjects  were  '^relatively  sedentary" 
in  that  for  at  least  six  months  prior  to  testing,  they  had 
participated  in  no  regular  vigorous  activity  outside  of  their 
twice  weekly  physical  education  periods.  All  subjects  had 
passed  general  medical  examinations  prior  to  university  entrance. 

The  Balke  treadmill  test,  as  previously  outlined,  was 
administered  to  all  subjects  and  measurements  of  standing  pre¬ 
test  heart  rate,  treadmill  performance  time,  and  recovery  heart 
rate  (5  minutes)  were  recorded.  A  detailed  account  of  all 
physical  activity  participation  over  the  preceding  two  years  was 
obtained  for  each  subject. 

The  follov7ing  body  measurements  v/ere  also  taken 
according  to  the  procedures  as  previously  described: 

1.  Standing  Height  (inches) 

2.  Total  Body  Weight  (pounds) 

3.  Relative  Body  Weight  (per  cent) 

4.  Skinfold  Fat  (Chest,  Tricep,  Sub-Scapular,  Supra- 
Iliac,  Abdominal,  and  Front  Thigh),  in  total  mm. 

5.  Per  Cent  Body  Fat  and  Fat-Free  Body  Weight 
(predicted  from  4). 

Relative  body  weight  was  determined  in  terms  of  a 
percentage  of  the  standard  o r  average  weight  (for  height,  age 
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and  sex) ,  by  comparison  with  the  abundant  material  compiled  in 
the  1955  investigation  of  a  Canadian  population  (11:^6?).  By 
definition,  100  per  cent  relative  body  v/eight  means  normal 
weight,  110  per  cent  means  10  per  cent  overweight,  etc. 

The  prediction  of  per  cent  body  fat  from  the  sum  of 
six  skinfold  measurements  was  based  on  the  equation  as  determined 
by  Yuhasz  (1:65) : 

fo  Body  Fat  =  0,097  (total  fat  in  mm,)  f3*641.  Standard 

Error  of  Estimate  =  2,575, 

Statistical  Treatment  of  Results 

Long;itudinal  Study,  The  changes  observed  in  all 
measurements  from  test  to  test  were  presented  graphically  for 
each  of  the  seven  subjects  in  order  to  provide  an  easily  dis¬ 
cernible  analysis  of  weight  changes  in  terms  of  the  other 
variables.  Changes  in  total  xveight  and  weeks  of  activity  par¬ 
ticipation  were  plotted  against: 

a)  daily  caloric  consumption 

b)  fat  and  fat-free  body  weights 

c)  subcutaneous  fat  changes 

d)  gross  and  fat-corrected  body  dimensions 

e)  basal  oxygen  consumption 

f)  treadmill  performance  time 

g)  total  proportional  strength 

The  subjects  were  considered  collectively  for  an  evaluation  of 
initial  and  final  test  results  in  comparison  with  previous 
findings. 

Mean  values  for  six  of  the  seven  subjects  (excluding 
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M.B.)  were  determined  for  all  measurements  at  each  of  the  four 
testing  periods.  A  test  for  paired  samples  (12:lB6)  was 
applied  to  determine  if  the  differences  between  mean  scores 
were  significantly  different  from  zero  at  the  .05  and  .01  levels 
of  confidence. 

Correlation  Study.  An  inter-correlation  matrix  for  all 
variables  was  built  with  the  use  of  the  I.B.M.  -  1620  Electronic 
Computer.  This  program  (No.  6.0047)  also  provided  a  mean  and 
standard  deviation  for  each  variable. 

A  first  order  partial  correlation  coefficient  (13) 
between  per  cent  body  fat  and  treadmill  performance  time  was 
computed,  with  the  effect  of  total  body  weight  partialled  out. 

At  test  with  n  -  3  degrees  of  freedom  was  used  to  determine  if 
the  partial  r  was  significantly  different  from  zero  at  the  .01 
level  of  confidence. 

The  inter-correlation  matrix  was  then  used  as  a  basis 
for  the  computation  of  a  multiple  regression  equation  between 
treadmill  performance  time  as  the  dependent  variable  and  five 
measurements  of  body  mass  and  body  composition.  The  equation  was 
calculated  by  means  of  the  '^Stepwise  Procedure  for  Multiple 
Regression”  (14) ,  a  program  designed  specifically  for  electronic 
digital  computers.  This  procedure  requires  that  at  each 
successive  stage  or  ”step”  in  the  formation  of  the  equation, 
that  variable  is  added  which  accounts  for  the  largest  proportion 
of  the  remaining  variation  in  the  dependent  variable.  In  other 
words  (15:192):  ”The  variable  added  is  that  one  which  makes  the 
greatest  improvement  in  the  ^goodness  of  fit”.”  The  t  ratio  for 
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N-n-1  degrees  of  freedom  provides  a  test  to  determine  if  the 
beta  coefficient  computed  for  each  variable  is  significantly 
different  from  zero  (.05  and  .01  levels  of  confidence). 

Standard  errors  of  estimate,  of  predicted  from  actual  values, 
are  also  determined  for  each  successive  regression  equation. 

The  relationships  found,  between  body  measurements 
and  treadmill  performance  time  with  sedentary  males,  were  also 
examined  with  the  seven  individuals  who  had  completed  a  program 
of  vigorous  training.  This  analysis  was  carried  out  in  the 
follov/ing  manner: 

a)  General  observations  were  made  from  graphical 
illustrations  depicting  changes  in  both  treadmill  performance  and 
body  measurements. 

b)  The  regression  equations  computed  for  the  sedentary 
group  v/ere  used  to  predict  the  treadmill  times  of  the  seven 
^^longitudinal''  subjects  from  body  measurements  taken  at  Tests 

1,  2  and  4*  The  errors  found  between  predicted  and  actual  times 
provided  the  basis  for  a  comparative  evaluation  of  the  treadmill 
performance  -  body  measurements  relationship  under  both  sedentary 
and  "trained"  conditons. 

A  sub-sample  of  twenty  subjects  was  completely  tested 
and  re-tested  on  consecutive  days  and  Pearson  -  product  moment 
reliability  coefficients  of  correlation  determined  for  each 


measurement. 
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GHAPTSii  IV 

RESULTS  AND  DISCUSSION 
Reliability  Coefficients 

The  Pearson  product-moment  coefficients  of  correlation 
for  consecutive  day  test-retest  conditions  are  presented  in 
Table  IX  for  all  measurement So 

Reliability  measurements  were  not  carried  out  with  the 
same  subjects  on  all  of  the  measures  necessary  for  the  determi¬ 
nation  of  body  density*  Correlation  coefficients  are  thus  re¬ 
ported  only  for  each  of  the  component  measures  -  apparent  vreight 
in  water  at  maximal  inspiration,  and  total  lung  capacity*  These 
measures  were  tested  (on  consecutive  days)  with  different 
samples,  the  number  in  the  latter  measurement  totalling  only 
eleven,  A  reliability  coefficient  of  .964  with  lung  capacity 
determinations  resulted  in  a  mean  difference  of  I24  cc,  between 
the  t^^^o  trials.  This  difference  would  account  for  a  measurement 
error  of  .0017  density  units  on  the  average  and  thus  result  in  an 
error  of  .  in  the  estimation  of  per  cent  body  fat  from  the 
formulae  of  Brozek  and  Keys  (1:26^),  The  values  for  partially 
submerged  vital  capacity  were  discarded  due  to  the  inconsistency 
and  questionable  accuracy  of  the  portable  vitalometer  used  for 
this  purpose.  Submerged  body  weights  taken  after  the  subject  had 
expired  maximally  were  also  not  used.  The  majority  of  the  sub¬ 
jects  were  either  non  or  beginning  swimmers  and  their  apprehension 
over  such  a  test  resulted  in  an  inability  to  relax  as  well  as  to 
exert  a  truly  maximal  expiration  prior  to  submersion.  All  ex¬ 
perimental  subjects  underwent  a  minimum  of  15  submersion  trials 
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TABLE  IX 

Consecutive  Day  Test-iletest  Reliability 
Coefficients  (N  =  20) 


Measurement 

A,  Total  >/eight  and  Skinfold  Fat 


Total  Body  V/eight  (lbs.)  r  =  .999 

Skinfold  Fat  Measurements 


Bicep 

(mm.  ) 

r 

s 

.993 

Tricep 

(mm. ) 

r 

3 

.996 

Che  st 

(mm. ) 

r 

n 

.964 

Sub-Scapular 

(mm. ) 

r 

— 

.9^3 

Supra-Iliac 

(mm. ) 

r 

=s 

.993 

Umbilical 

(mm.  ) 

r 

= 

.997 

Front  Thigh 

(mm. ) 

r 

= 

.991 

Rear  Thigh 

(mm.  ) 

r 

a 

.9^3 

Total  Fat 

(mm. ) 

r 

- 

.991 

B.  Body  Dimensions 


Gross  Upper  Arm  Girth 
Fat-Corrected  Upper  Arm  Girth 
Gross  Thigh  Girth 
Fat-Corrected  Thigh  Girth 
Calf  Girth 

Abdominal  Circumference 


ins. ) 

r 

a 

.993 

ins. ) 

r 

= 

.991 

ins.  ) 

r 

m 

.9^9 

ins.  ) 

r 

m 

.931 

ins.  ] 

r 

a 

.977 

ins. ) 

r 

- 

.901 

C.  Body  Density-Lung  VoluTxies 

Apparent  Weight  in  V/ater  (lbs.)  r  =  .9^3 

(maximal  inspiration) 

Total  Lung  Capacity  on  land  r  =  .964 

(N  =  11)  (litres) 


Right  Grip  (lbs.) 
Left  Grip  (lbs.) 
Back  Lift  (lbs.) 
Leg  Lift  (lbs.) 
Total  Propor-  (lbs. ) 


tional  Strength 


D.  Strength  Measurements 

r  -  .634 
r  -  .S7I 

r  - 

r  -  .B47 

r  =  .B40 


« 


9 


9 


/ 


-  95  - 


Table  IX  continued 


Measurement 


i£.  Treadmill  Performance 


Performance  Time 
Pre-Test  Standing  Heart 
Rate 

Recovery  Heart  Rate 

-  at  3  minutes 
Recovery  Heart  Rate 

-  at  5  minutes 


(mins. ) 
(beats 
/min. ) 
(beats 
/min. ) 
(beats 
/min. ) 


r  "  .964 
r  =  .419 


r 


r  -  .345 


063 


prior  to  the  initial  set  of  tests  at  the  beginning  of  Phase  1. 

Much  difficulty  was  found  in  obtaining  a  medial  skinfold 
in  the  calf  region  due  to  the  lack  of  fat  deposition.  The  gross 
circumference  of  the  calf  was  considered  also  then  to  be  repre¬ 
sentative  of  the  musculature  in  the  area. 

All  reliability  coefficients  were  substantially  above 
the  level  required  for  significance  at  .01  level  of  confidence 
(r  =  .549)  v/ith  the  exception  of  the  three  heart  rate  measures 
taken  prior  to  and  in  recovery  from  the  treadmill  test.  These 
non-significant  measures  vrere  not  considered  in  the  presentation 
or  discussion  of  results. 

Initial  Evaluation  of  Subjects 
The  results  of  the  initial  testing  session  (beginning 
of  Phase  1)  are  compared  in  Table  X  to  the  findings  of  other 
authors  who  have  studied  "untrained”  college  men  in  the  18  to  30 
years  age  range  (2,  3,  4,  5,  6,  7).  This  comparison  includes 
results  from  a  previous  study  by  the  present  author  (2)  in  which 
similar  measures  v/ere  performed  v/ith  identical  techniciues.  In 
studies  where  the  pertinent  results  were  not  reported,  calcu- 
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lations  were  made  from  the  available  data. 

The  very  general  pre-experimental  classification  into 
’’obesity^^  groupings,  based  on  three  skinfold  fat  measures,  was 
verified  by  the  body  density  measures  in  6  of  the  7  cases.  In 
order  that  ambiguity  in  classification  may  be  prevented  in 
further  analysis  of  the  data,  each  subject  was  identified  in  all 
subsequent  graphs  and  tables  according  to  the  initial  (Test  1) 
percentage  of  his  weight  which  was  composed  of  fat. 

All  of  the  subjects,  except  H.B.  ,  were  ’’overweight*', 
from  1  to  79  per  cent  of  their  particular  height,  age  and  sex. 

The  differences  among  subjects  in  per  cent  of  body  fat  or 
’’relative  obesity”,  however,  did  not  exactly  correspond  with  the 
differences  in  relative  body  weight. 

The  fat-free  body  weights  of  the  three  most  obese 
subjects  were  heavier  by  16  to  29  pounds  over  subjects  G.H. ,  L.Y. 
and  J.D.  These  latter  three  subjects  ranged  in  total  body  weight 
from  160  to  1^3  pounds  V7ith  a  l.l6  pound  difference  in  the  weight 
of  their  bodies  devoid  of  fat. 

Muscular  strength,  per  pound  of  body  weight  ratios, 
was  found  to  be  lov;est  with  the  most  obese  and  increased  steadily 
up  to  the  leanest  subject,  M.B.  All  subjects  were  considerably 
lower,  in  both  T.P.3.  and  the  strength-weight  ratio,  than  the 
means  reported  for  college  men. 

All  subjects,  excluding  J.D.,  were  either  quite 
comparable  to  or  V7ell  below  the  mean  treadmill  performance  time 
found  v/ith  the  sedentary  group  in  the  correlation  study.  The 
lowest  time  presently  found  in  the  34  sedentary  subjects  and 
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also  reported  by  Hodgson  (B)  was  11  minutes,  occurring  in  one 
case  in  each  of  these  tvro  samples.  The  two  very  obese  subjects 
were  well  below  this  time  and  subject  M.G.  equalled  it. 

Basal  oxygen  consumption  expressed  as  cc.  per  kg.  of 
weight  showed  a  steady  decline  from  4.22  to  2.71  as  obesity 
increased  from  subject  to  subject.  When  the  weight  of  the  fat- 
free  body  mass  was  employed  as  a  reference  standard,  the  B.M.R.s 
of  the  various  subjects  remained  relatively  constant. 

The  means  and  standard  deviations  for  the  relatively 
sedentary  sample  of  34  used  in  the  correlation  study  v^ere  compared 
to  the  findings  of  Yuhasz  (3)  and  Hodgson  (S)  from  measurements 
carried  out  on  ’^normal  college  males”  (Table  XI).  Yuhasz  (3) 
also  used  the  Harpendon  Skinfold  Caliper  for  his  measurements  of 
subcutaneous  tissue. 

The  sedentary  sample  walked  1.5  minutes  longer  on  the 
treadmill  than  did  the  group  studied  by  Hodgson.  The  latter 
sample  had  higher  average  standing  heart  rates  -  pre-test  and  at 
three  minutes  of  recovery  than  V7as  shown  by  the  present  group. 

Anthropometrical  Analysis  of  Weight  Change 

The  training  and  testing  procedures  are  outlined  below. 


In  subsequent  graphs  and  tables,  Test  1  (Tl)  refers  to  the  be¬ 
ginning  of  phase  1,  Test  2  (T2)  to  the  termination  of  phase  1... 
etc. 
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TABLE  XI 


Means  and  Standard  Deviations  For  Sedentary 

Sample  (N  -  34) 


Sedentary  Sample 

College  Men 

Measurement 

Mean  S.D, 

-delated  Studies- 

Mean  S.D. 

Height 

( ins. ) 

70.1 

2.Z(.1 

We ight 

Relative  Wt. 

(lbs. ) 

(/.) 

164.98 

107.0 

21 .  B9 

19.3 

156.67 

163.40 

106.0 

Total  Skinfold 

Fat 

(mm) 

98.3 

45.5 

72.6 

fo  Body  Fat 

{%) 

12.93 

5.90 

10.63 

Fat-Free  Body 

We ight 

(lbs. ) 

142.13 

16.30 

150.19 

Standing  Pre-Test 
Heart  Rate 

(beats 
/min. ) 

78.4 

13.4 

88.0 

Treadmill 
Performance  Time 

(mins. ) 

15.8 

3.69 

14.3 

Recovery  Heart 
Rate  -  3  mins. 

(beats 
/min. ) 

114.8 

a.  50 

117.0 

Recovery  Heart 
Rate  -  5  mins. 

(beats 
/min. ) 

110.0 

9.20 

108.0 

Age 

(yrs. ) 

19.3 

1.71 

18.6 

21.5 

19.23  a 

19.75  b 

44.17  b 
4.2S  b 

15.77  b 

_  a 

2.40  a 

_ a 

_  a 

“2TOI 


a 


Hodgson  (1963) 

(N  =  33) 


b  Yuhasz  (I962) 
(N  =  llo) 
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During  phase  11  none  of  the  subjects  continued  to 
maintain  the  daily  program  of  activity  followed  during  phase  1. 
The  activity  recall  forms  pointed  out  that: 

a)  Subjects  J.D. ,  C.B.  and  M.B.  participated  in  no 
formal  exercise  or  sports. 

b)  Subjects  L.Y.  and  B.K,  maintained  a  daily  program 
of  walking  and/or  jogging  throughout  the  five  weeks. 

c)  Subjects  M.G.  and  G.H.  swam  and  skied  two  to  three 
times  weekly.  G.H.  assumed  regular  daily  training  during  the 
last  two  weeks  of  this  period. 

d)  None  of  the  subjects  continued  with  any  type  of 
progressive  resistance  exercise  in  terms  of  strength  or  en¬ 
durance  training. 

Weight  Pattern  Change  -  Daily  Caloric  Consumption. 
Reported  daily  caloric  consumptions  were  averaged  for  each  phase 
as  well  as  the  three  weeks  constituting  ‘’Pre-Phase  1”  and  are 
presented  in  Table  Xll.  The  differences  between  the  mean 
caloric  intake  for  pre-phase  1  and  each  of  the  three  other 
phases  did  not  reach  the  .05  level  of  significance.  The  highest 
t  score  of  . 542  was  found  in  the  increase  between  Pre-Phase  1  and 
Phase  111,  27^  cals/day.  A  t  value  of  2.447  was  required  for 
significance  at  the  .05  level  of  confidence  with  six  degrees  of 
freedom. 

Individual  patterns  of  weight  change  were  plotted 
against  daily  caloric  intake  and  vieeks  of  activity  participation 
and  are  presented  in  Figure  17.  In  all  three  obese  subjects 
daily  caloric  intakes  rose  during  the  first  eight  xfeeks  of 
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TABLE  Xll 

Average  Daily  Caloric  Consumption 
-  Comparison  of  Mean  Results  For  Each  Phase  - 


-  3  vj-ks.  - 
Pre-Phase  1 

-  B  wks.  - 
Phase  1 

-  5  wks.  - 
Phase  11 

-  5  wks.  - 
Phase  111 

Mean 

(cals/day 

2003 

2143 

2190 

2231 

S.D. 

276 

323 

265 

237 

training  and  stayed  above  the  pre-experimental  consumption  for 
this  period.  During  phase  11  all  subjects  showed  a  slight  rise 
in  daily  caloric  consumption  over  the  final  tv/o  v/eeks  of 
training  in  phase  1,  with  the  exception  of  subject  C.B.  vrho 
decreased  from  2760  to  2700  calories  per  day.  These  fluctuations 
in  daily  caloric  consumption  throughout  the  first  two  phases 
were  considerably  reduced  during  the  five  v/eeks  of  phase  111. 

Those  subjects  who  reduced  their  total  body  weight 
(N  =  6)  lost  the  greatest  percentage  of  their  initial  values 
during  the  first  phase.  This  general  observation  in  all  subjects 
coincided  v;ith  the  mean  and  percentage  losses  for  this  particular 
group,  which  are  shown  in  Table  Xlll. 

The  pattern  of  weight  loss  for  the  group  during 
phase  1  was  one  of  general  decline.  Subjects  L.Y.  and  J.D. 
gained  4  and  2  pounds  of  v;eight  respectively  during  the  final 
three  weeks  of  exercise.  These  increases  were  preceded  in  the 
first  two  weeks  of  phase  111  by  losses  of  4  pounds  (L.Y.)  and 
1.5  pounds  (J.D.).  Subject  M.B.  followed  a  similar  pattern  of 
weight  change  during  this  final  five  v/eeks  of  the  program. 


pL  body  //bight  (IbSo)  TOTAL  BODY  WEIGHT  (lbs 


Figure  IV 

Caloric  Consumption  -  Physical  Activity  ^nd 
Pattern  of  V/eight  Change 


Sub.iect  P.H,  (3^%)  3ub,iect  C.B,  (33>9’/0 


Subject  M>G.  (HI. 8%) 


Subject  G.H.  (20,0^^) 
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Weeks  of  Activity 


TOTAL  BODY  WEIGHT  (lbs 


Figure  IV  (Con't.) 
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Means  changes  -  Anthropometrical  Data*  The  mean 
changes  in  body  measurements  are  presented  in  Table  Xlll  for 
six  of  the  seven  subjects.  Subject  M.B.,  initially,  was  2S  per 
cent  ’’underweight'^  as  V7ell  as  having  only  three  per  cent  of  his 
weight  composed  of  fat.  These  values  diverged  considerably  from 
the  initial  results  displayed  by  the  other  subjects  and  con¬ 
sequently  the  subject  was  excluded  from  any  consideration  of 
changes  in  the  central  tendency  of  the  group. 

The  percentage  changes  of  each  measurement  from  the 
initial  values  are  also  shown.  With  total  body  weight,  for 
example,  4*91  per  cent  of  the  initial  mean  weight  was  reduced 
at  the  end  of  phase  1,  4*62  per  cent  over  both  phases  1  and  11 
and  5*50  per  cent  over  the  entire  IS  weeks. 

The  following  observations  may  be  drawn  from  the 
analysis  of  mean  changes  in  anthropometrical  measures: 

a)  Both  total  body  v/eight  and  total  body  fat  were  re¬ 
duced  significantly  (.05  level)  during  phase  1  and  the  iB  xfeeks 
of  the  program.  The  insignificant  loss  of  v/eight  (-2.01  lbs.) 
during  phase  111  was  less  than  one  half  of  the  fat  loss  (-4*21 
lbs.)  for  this  same  period.  A  reduction  of  5»50jo  from  the 
initial  mean  value  for  weight  was  accompanied  by  a  42.66^  loss 
in  fat. 

b)  Along  with  a  reduction  in  fat,  weight  loss  was 
accompanied  by  significant  mean  increases  in  fat-free  body 
weight  and  muscular  massr  V/hile  muscle  mass  increased  sig¬ 
nificantly  over  both  the  first  and  third  phases,  the  gain  in 

»muscle  mass  was  determined  by  fat-corrected  upper  arm  and 
thigh  circumferences  plus  gross  circumference  of  calf. 
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weight  of  the  fat-free  body  failed  to  reach  significance  during 
phase  1,  the  greater  percentage  of  the  total  change  in  this 
component  occurring  in  the  final  pahse*  The  percentage  changes 
in  both  these  measurements  closely  parallel  one  another  through¬ 
out  with  the  exception  of  phase  11  where  muscle  mass  dropped  *72 
per  cent  and  fat-free  weight  continued  to  rise  .1^';^  from  the 
percentage  changes  of  the  initial  values  already  established  at 
the  termination  of  phase  1. 

c)  A  significant  increase  in  muscular  mass  (P;?,05) 
over  phase  1  was  accompanied  by  a  significant  reduction  at  the 
.01  level  in  the  mean  total  gross  circumference^'  This  initial 
reduction,  however,  was  follov/ed  by  an  increase  in  total  gross 
circumference  over  the  remaining  two  phases  which  produced  an 
insignificant  reduction  of  .42  inches  for  the  entire  iS  weeks. 
Abdominal  circumference  follows  a  similar  pattern  of  change, 
in  regard  to  significance  as  the  above,  but  continues  to 
decline  (-.50  ins.)  on  the  average  during  phase  111. 

d)  None  of  the  anthropometrical  changes  observed 
during  phase  11  (5  weeks)  was  significant  (P<.05).  A  comparison 
of  the  mean  percentage  changes  from  the  initial  values,  occurring 
at  the  termination  of  phases  1  and  11,  also  shows  that  the  mean 
changes  in  all  measurements  occurring  during  phase  11  were  not 
sufficient  in  magnitude  to  offset  completely  the  changes 
attained  during  the  first  eight  weeks  of  exercise. 

^'total  gross  circumference  -  sum  of  three  gross  circumferences 
at  the  thigh,  calf  and  upper  arm  sites. 
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TABLE  Xlll 

Mean  Changes  -  Between  Tests  and  as  a  Percentage 
of  Initial  Values  -  for  Anthropometrical  Data 

(N  =  6) 


Measurement  Plean  Changes  -  daw  Score  and  io  of 

Initial  Values 


T1  -  T2 

T2  -  T3 

T3  -  T4 

T1  -  T4 

Total  Wt.  (lbs. ) 

/o  of  initial 

-10.55- 
—  4*91,^ 

4  .25 

-  4*62/5 

-  2.01 

-  5.50/ 

-12.30^^ 

Relative  Wt.  {/o 
of  ’’standard”) 

-  6.5 

+  .67 

-  1.5 

-  7.33-- 

Total  Body  Fat  (lbs. ) 
ifo  of  initial) 

-12.95-^ 

-35.29:^ 

-  .69 

-30.i5/o 

-  4 • 21* 
-42. 66;^ 

-17.04- 

Per  Cent  Body  Fat 
io  of  initial 

-  4*5  -- 
-32.39fo 

-  .1 

-27.94 

-  2.0 

-40.45 

-  6.6 

Fat-Free  V/t.  (lbs.) 
io  of  initial 

+  2 . 40 

+  i.kii 

4  .45 

4  1.59.0 

4  2.37* 

+  3.24;^ 

4  5.24-- 

Skinfold  Fat  (mm. ) 
io  of  initial 

-61.13** 

-27.52/0 

4  4.^ 

-25.59io 

-23.0 

-34. 30^^ 

-79.^6^=- 

Total  Gross 
Circumference  (ins.) 
io  of  initial 

-  l.k-3* 

-  2.29/0 

+  .22 

-  1.47/ 

4  .75 

-  2.01% 

-  .42 

Total  Muscle 

Mass  ( ins. ) 
io  of  initial 

4-  .40- 

4  1 . 2I/0 

-  .33 

•f  .  49/0 

+  1.3 

+  3.36/0 

4  I.57-- 

Abdominal  Girth  (ins.) 
io  of  initial 

-  2. 50^:9- 

-  6.20/5 

4  .45  . 

-  5.02,5 

-  .50 

-  6.S0^5 

-  1.00 

sig.  at  .05  level;  t^2.571 

'i^'J'sig.  at  .01  level;  t^  4.032  with  5 

degrees  of  freedom 
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Densitometric  Analysis  of  Individual  Weight  Chan.£;es»  A 
graphical  analysis  of  total  weight  change  in  terms  of  the  fat  and 
fat-free  body  components  (derived  from  densitometric  technio^ues 
and  the  formula  derived  by  Brozek  and  Keys  (1)  is  presented  for 
each  subject  in  Figure  V,  Weights  are  plotted  in  intervals  of 
six  pounds  on  the  graphs  for  subjects  R.H.  and  C.B.,  v/hile  the 
five  remaining  subjects  have  their  weights  plotted  in  intervals 
of  3  pounds* 

This  figure  also  includes  an  analysis  of  weight  changes 
in  terms  of  muscular  mass  as  well  as  the  fat  and  fat-free  body 
components.  The  analysis  is  in  the  form  of  bar  graphs  with 
cumulative  changes,  after  each  phase  of  the  study,  shown  as  a 
percentage  of  the  initial  values  for  each  measure* 

During  phase  1  subjects  G.B.  and  M*G*  differ  somewhat, 
in  the  composition  of  their  weight  losses,  from  the  remainder 
of  the  group*  With  subject  C.B.,  a  weight  loss  of  five  pounds 
was  composed  of  a  fat  loss  of  12*4  pounds  and  a  gain  in  fat-free 
weight  of  7.4  pounds.  Subject  M*G*  reduced  his  initial  weight 
by  3.25  pounds  over  the  first  eight  weeks  accompanied  by  changes 
in  fat-free  body  and  total  fat  weights  of  /■2.15  pounds  and  -5.40 
pounds  respectively*  Total  weight  did  not  change  for  this 
subject  from  Test  3  to  Test  4.  Total  body  fat  and  fat-free 
weights,  however,  each  shov/ed  a  reduction  and  gain,  respectively, 
of  4*09  pounds. 

These  two  subjects  lost  the  least  amount  of  v:eight  of 
any  of  the  subjects  losing  weight,  in  terms  of  both  weight  in 
pounds  and  as  a  percentage  of  their  initial  values.  Over  the 
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course  of  the  entire  program,  per  cent  body  fat  was  reduced 
from  33.0  to  29.6  per  cent  with  C.B.  and  from  21,5  to  17.2  per 
cent  with  M«G* 

Subject  R.H,  lost  the  most  weight,  a  total  of  35.25 
pounds,  throughout  all  phases  of  the  study.  This  loss  consti- 
tuded  14.47/^  of  his  initial  x^reight  and  was  composed  of  a  loss 
of  42.32  pounds  of  fat,  a  gain  of  4.07  pounds  of  fat-free  weight 
and  a  2.25  per  cent  increase  in  muscle  mass.  Per  cent  body 
fat  was  reduced  from  35.0  to  22<,9  per  cent  from  Test  1  to 
Test  4. 

Subject  G.H.  lost  a  total  of  12.0  pounds  or  6.56  per 
cent  of  his  initial  weight  over  the  15  v/eeks,  vrlth  the  weight 
loss  almost  equally  divided  between  phases  1  and  111.  The 
weight  change  was  composed  almost  entirely  of  a  12.69  lb.  loss 
in  fat,  the  weight  of  the  fat-free  body  increasing  only  I.69 
pounds.  This  subject  reduced  his  per  cent  body  fat  from  20.0 
initially  to  13.9  per  cent  at  the  termination  of  phase  111. 

Subjects  J.D.  and  L.Y.  attained  their  greatest  losses 
in  total  body  weight  at  earlier  stages  of  the  study  than  the 
termination  of  Phase  111.  J.D.  lost  4.53  per  cent  or  7.25 
pounds  of  his  initial  weight  along  with  0.74  pounds  of  fat  by 
the  end  of  the  first  eight  weeks  of  training.  After  both  fat 
and  total  v/eights  had  gained  proportionately  during  phase  11, 
total  weight  remained  steady  at  157  pounds  at  the  termination  of 
phase  111.  Both  total  fat  and  fat-free  v/eights,  however, 
showed  a  decrease  and  increase,  respectively,  of  4.06  pounds 
from  Test  3  to  Test  4. 
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Subject  L.Y,  changed  his  body  composition  and  weight 
in  a  somewhat  similar  manner  to  His  greatest  fat  (-14,96 

pounds)  and  weight  losses  (-14,25  pounds),  however,  had  occurred 
by  the  end  of  Phase  11,  This  loss  was  follox^ed  over  the  course 
of  Phase  111  by  a  gain  of  1,25  pounds  and  3*02  pounds  in  gross 
and  fat-free  xveight  respectively,  and  a  further  loss  of  1.77 
pounds  of  fat. 

During  phase  11,  the  five  weeks  of  voluntary  activity: 

a)  Further  loss  of  weight  and  fat  occurred  in  subjects 
R.Ho  (-3,0  pounds)  and  L.X,  (-2.25  pounds). 

b)  Subjects  J.D,  and  C.B,  regained  4*25  pounds  and  4*0 
pounds  of  weight  respectively, 

c)  Subjects  M, G,  and  G.H.  maintained  the  weight  and 
fat  losses  observed  at  the  termination  of  phase  1, 

Anthropometrical  changes  with  subject  M.B,  were  in 
direct  contrast  to  those  experienced  by  the  six  initially  over¬ 
weight  subjects.  Throughout  the  full  IS  weeks,  body  weight 
steadily  increased  a  total  of  S,3  per  cent  from  the  initial 
value  which  caused  a  change  in  relative  body  weight  from  72  to 
S4  per  cent  of  the  standard.  Over  each  phase  of  the  experiment, 
the  subject  changed,  anatomically,  in  the  follov/ing  proportions: 


Phase  1 

Phase  11 

Phase  . 

weight  (lbs.) 

+  5.75 

f3.00 

fl.75 

fat-free  weight  (lbs.) 

^■5.67 

^1.05 

-f2o36 

fat  weight  (lbs. ) 

+  .03 

♦1.95 

-  .61 

The  total  weight  gain  was  10.50  pounds  which  was 


composed  of  13*5  per  cent  fat  and  S6,5  per  cent  fat-free  tissue. 


Figure  V 

Densitometric  Analysis  of  Total 
Body  Weight  Changes 

The  Weights  of  the  Total  Body,  >^age  Changes  in  Body  Tissues 

Body  Fat  and  the  Fat-Free  Body  of  Initial  Vailues) 

Subnect  R»H. 


TOTAL  AND  FAT-FNL.:  BODY  .V EIGHTS  (lbs.  )  _  TOTAL  AND  FAT-FREE  BODY  WEIGHTS  (lbs 


Figure  V  (Con't 


The  Weights  of  the  Totul  Body,  ’?4age  Changes  in  Body  Tissues 

Body  Fat  and  the  Fat-Free  Body  of  Initial  Values) 
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Figure  V  (Con‘t*) 


The  Weights  of  the  Total  Body, 
Body  Fat  and  the  Fat-Free  Body 


%age  Changes  in  Body  Tissue 
{%  of  Initial  Values) 
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Figure  V  (Con’t,) 

The  iVeights  of  the  Total  Body,  %age  Changes  in  Body  Tissues 

Body  Fat  and  the  Fat-Free  Body  of  Initial  Values) 

Cubjoct 


Mean  %  Changes  in  Body  Tissues  (N=6) 
of  Initial  Values) 
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This  subject  also  increased  his  original  muscle  mass  a  total  of 
9*73  pel'  cent*  The  greatest  gains  in  both  fat-free  and  muscle 
mass  occurred  during  the  initial  eight  weeks  of  the  program* 

Changes  in  Body  Dimensions*  Changes  in  both  gross  and 
fat-corrected  limb  circumferences  (three  sites)  are  plotted 
against  total  and  fat-free  body  weight  changes  in  Fi.gure  VI.  An 
analysis  of  changes  at  each  measurement  site,  including  abdominal 
girth,  accompanies  each  graph* 

Five  of  the  six  originally  overweight  subjects  (ex¬ 
cluding  J*D*)  generally  adhere  to  the  mean  changes  which  shovred  a 
significant  decrease  in  total  gross  circumference  coinciding 
with  a  significant  increase  in  muscle  mass,  over  the  first  eight 
weeks  of  exercise*  During  Phase  111,  however,  the  total  gross 
circumference  remained  at  Test  3  values,  while  muscle  mass 
continued  to  increase  with  both  subjects  R*H*  and  C*B.  Subject 
C*B*  lost  only  *5  pounds  of  fat  during  this  period,  R*H* 
continued  to  decrease  his  gross  circumference  at  both  the  thigh 
(-,2  ins*)  and  upper  arm  (-*2  ins*)  areas  duiring  this  final  five 
weeks,  but  gained  *5  inches  in  the  calf  measurement,  which  was 
also  serving  as  an  estimation  of  the  musculature  at  this  site* 

Subject  L.Y*  reversed  his  pattern  of  a  decline  (-2*5  ins.) 
in  total  gross  circumference  observed  over  the  first  two  phases 
by  increasing  these  measures  a  total  of  »i\.  inches  during  the 
final  five  weeks*  This  gross  increase  was  accompanied  by  a  gain 
of  1*S  inches  in  muscle  mass. 

Subjects  J*D*  and  M*B*  increased  in  both  gross 
circumference  and  muscular  mass  measures  throughout  both  phases 
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1  and  111,  The  total  gain  in  muscle  mass  exceeded  the  gross 
circumference  gain  in  J,D,  by  .4  inches,  and  these  findings 
were  exactly  the  reverse  with  subject  M.B,  J.D.  shov/ed  a  final 
loss  in  limb  skinfold  fat  of  24.3  mm,  (4  sites)  while  M.B, 
increased  these  measures  by  a  total  of  10,9  mm, 

A  difference  of  2.3  inches  was  observed  initially  with 
J.D,  and  L.Y,  between  the  total  gross  and  fat-corrected  measures, 
as  compared  to  differences  ranging  from  6,9  inches  (L.Y.)  to  10.1 
inches  (R.H, )  between  these  measures  in  the  other  subjects.  The 
general  pattern  of  change  for  all  subjects  except  M.B.,  through¬ 
out  phases  1  and  111,  was  toward  a  gradual  reduction  of  these 
differences  between  measures,  M.B,  continued  to  show  a  2,3  inch 
difference  in  measurements  taken  at  the  termination  of  phases 

I  and  111. 

The  gains  in  muscle  mass  evidenced  during  the  first 
eight  weeks  of  training  vrere  not  increased  ober  the  five  weeks 
of  phase  11.  In  all  cases  a  decline  from  Test  2  values,  ranging 
from  ,1  to  .6  inches  (mean  =  -.3  ins.),  was  observed,  but  none 
of  these  decreases  caused  a  reduction  greater  than  .1  inches 
belov;  the  values  initially  determined  in  Test  1.  Subject  M.B, 
continued  to  increase  his  total  gross  circumference  over  phase 

II  by  ,9  inches,  while  his  muscular  mass  decreased  .1  inches. 

An  increase  in  limb  skinfold  fat  of  12. S  mm.  was  also  experienced 
by  M.B,  over  these  same  five  weeks. 

Mean  changes  in  gross  and  fat-corrected  limb  circum¬ 
ferences  from  Test  1  to  Test  4  9-^6  reported  below  (N-6), 


O'JAL  AND  FAJ  =  FREE  BOD'i!  WEIGH!'  (ibs.)  TOTAL  AND  FAT-FRi:.E  BODY  WEIGHT  (lbs. 


Figure  VI 

Changes  in  Body  Dimensions 


Total  Limb  Circumferences 


Sub j  ect 


Analysis  of  Total  Changes 
by  Individual  Sites 

R.H.  (35.0%) 


Circumf erence( 

in)  Testl 

Test  2 

Test3 

Test4 

1.  Calf 

16.6 

16.6 

16.6 

17.1 

2.  Thigh 

27.3 

26.1 

26.0 

25.8 

3.  Thigh- 

Fat  Correc. 

21.0 

21.1 

21.0 

21.3 

4 .  Upper  Arm 

15.1 

14.0 

13.8 

13.6 

5 .  Upper  Arm- 

Fat  Correc . 

11.3 

11.5 

11.2 

11.4 

6 .  Abdominal 

44.1 

40.2 

41.5 

39.3 

Muscle  Mass 

=  1.  +  3 

.  +  5. 

Total  Gross 

Circumference  = 

=  1.+  2 

.+  4 . 

:.B.  (33.97o) 

Circumf erence( 

in)  Testl 

Test  2 

Test3 

Test4 

1.  Calf 

18.3 

18.3 

18.3 

18,4 

2.  Thigh 

26.0 

25.3 

26.3 

26.3 

3.  Thigh- 

Fat  Correc. 

22.3 

22.5 

22,4 

22.8 

4 .  Upper  Arm 

16.3 

16.0 

16.1 

16.1 

5 .  Upper  Arm- 

Fat  Correc. 

12.3 

12.8 

12.7 

13.3 

6 .  Abdominal 

47.5 

44.3 

44.1 

44.8 

Figure  VI  (Con ' t . ) 


Total  Limb  Circumferences 


Subject  M.G. 


Analysis  of  Total  Changes 
by  Individual  Sites 

(21.8%) 


Circumf erence( in) 

T  e  s  1 1 

Test2 

Test3 

Test4 

1.  Calf 

16.0 

16.0 

15.6 

15.5 

2.  Thigh 

24.0 

22.8 

24.2 

23.9 

3.  Thigh- 

Fat  Correc. 

19.4 

19  .4 

19.4 

20.6 

4 ,  Upper  Arm 

13.8 

13.4 

13.3 

13.4 

5 ,  Upper  Arm- 
Fat  Correc. 

11.0 

11.5 

11.3 

11.7 

6 .  Abdomina 1 

41.5 

38.6 

40.0 

38.5 

Total  Muscle  Mass  =  1.+  3.+  5, 

Total  Gross  Circumference  =  1 .+  2.+  4. 


Subject  G.H.  (20.0%) 


Circumf erence( in) 

Testl 

Test  2 

Test  3 

T  e  s  1 4 

1.  Calf 

14.0 

14.1 

14.0 

14.0 

2.  Thigh 

23.2 

22.1 

21.8 

22,0 

3.  Thigh- 

Fat  Correc. 

19 . 1 

19.5 

19.5 

19.6 

4 .  Upper  Arm 

13.6 

13.1 

13.3 

13.1 

5 .  Upper  Arm- 
Fat  Correc. 

11.8 

11.8 

11.9 

11.9 

6 .  Abdomina 1 

34.6 

34.0 

34.7 

34.5 

Figure  VI  (Con ' t . ) 


Total  Limb  Circumferences 


Analysis  of  Total  Changes 
bv  Individual  Sites 


Subject  L.Y.  (13.2%) 

-tao 


Circumf erence( in) 

Test  1 

Test2 

Test3 

Test4 

1.  Calf 

14.5 

14.3 

13.9 

14.0 

2.  Thigh 

22.0 

21.2 

21.0 

21.3 

3.  Thigh- 

Fat  Correc. 

17.4 

17.7 

17.7 

19.3 

4 .  Upper  Arm 

14.3 

13.6 

13.4 

13.4 

5 .  Upper  Arm- 
Fat  Correc. 

12.1 

12.3 

12.3 

12.4 

6.  Abdominal 

35.3 

33.8 

33.0 

33.3 

Muscle  Mass  =  1.+  3.+  5. 

Total  Gross  Circumference  =  1 .+  2.+  4. 


Subject  J.D.  (7.9%) 


Circumf erence(in)  Testl  Test2  Test3  Test4 


Calf 

15.5 

15.5 

15.1 

15.4 

Thigh 

Thigh- 

20.5 

19.1 

20.2 

21.3 

Fat  Correc. 

18.2 

18.2 

18.3 

20.2 

Upper  Arm 
Upper  Arm- 

12.1 

13.0 

12.9 

•12.9 

Fat  Correc, 

11.1 

12.2 

12.1 

12.1 

Abdominal  • 

33.5 

30.6 

31.0 

30.9 

Figure  VI  (Con  *  t , ) 
Subject  M.B.  (3.0%) 


Total  Limb  Circumferences 


Analysis  of  Total  Changes 
By  Individual  Sites 


<Lircum.  (in) 

Test  1 

Test2 

Test3 

Test4 

1.  Calf 

12.1 

12.4 

12.2 

12.3 

2.  Thigh 

16.4 

18.1 

19.0 

19.3 

3.  Thigh- 

15.0 

16.6 

16.8 

17.7 

Fat  Correc 

4 .  Upper  Arm 

10.8 

11.1 

11.3 

11.4 

5 .  Upper  Arm- 

9.9 

10.3 

10.2 

10.6 

Fat  Correc 

6.  Abdominal 

29.0 

29.1 

29.1 

29.3 
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Measurement  Site 


Mean  Chanfre 


Calf 


-•13  ins. 


Thigh 

Thigh  (fat-corrected) 
Upper  Arm 

Upper  Arm  (fat-corrected) 


fl.40  ins. 


-Io30  ins. 


.47  ins. 


.35  ins. 


The  thigh  circumferences  contributed  more  on  the  average  than 
any  other  single  measurement  to  both  the  mean  reduction  in 
total  gross  circumference  and  the  mean  increase  in  muscle  mass. 

The  gross  circumference  of  the  calf  decreased  an  average  of  .50 
inches  in  three  subjects  and  shov/ed  a  mean  increase  of  .21 
inches  in  the  remaining  three  subjects. 

Physiological  Analysis 

Mean  Changes  -  Physiological  Data.  Mean  changes  in 
muscular  strengths,  treadmill  performance  time,  basal  metabolism, 
and  body  weight  in  kgs.  from  test  to  test  are  presented  in 
Table  XIV  for  the  six  originally  overweight  subjects.  Cumulative 
changes  from  Test  1  through  each  of  the  follov/ing  three  tests 
are  also  presented,  as  a  percentage  of  the  initial  values. 

The  following  observations  xfere  drai/'m  from  an  analysis 
of  mean  changes; 

a)  All  measures,  with  the  exception  of  basal  oxygen 
intake  in  cc/min. ,  changed  significantly  during  both  the  first 
and  final  phases  of  the  study. 

b)  Total  Proportional  strength  increased  a  total  of 
433  lbs.  or  57.90  per  cent  of  the  initial  mean  value  over  the  1^ 
weeks.  After  the  first  eight  v/eeks  of  training,  a  45.41  per 
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TABLE  XIV 

Mean  Changes  -  Between  Tests  and  as 
a  Percentage  of  Initial  Values  - 
For  Physiological  Measures  (N=6) 


Measurement 


Mean  Changes  -  Xaw  Score  and  /o  of 

Initial  Values 


T1  -  T2 

T2  -  T3 

T3  -  T4 

T1  -  T4 

T.P.3.  (lbs.) 

-193* 

+33O-- 

4433-- 

%  of  initial 

+45 .  liH 

+16.93)4 

^57.90fo 

— 

Strength  /  lb.  wt. 

-  1.19'*''^ 

■f  1.9^-- 

f*2. 70^'^' 

io  of  initial 

+54.27,4 

'l•19.19^^ 

+67. 71)4 

— 

Treadmill  Performance 

*f  5.5 

0 

-  1.2 

-6,7  — — 

Time  (mins. ) 

%  of  initial 

+60.32;4 

+6l.62;o 

+70.06)4 

— 

Basal  Oxygen 

-  .03 

-  4.3 

t  4.7 

0 

Intake  (cc./min.) 

%  of  initial 

-  .12/. 

-  1.53fo 

.  06;^ 

— 

B.M.R.  (cc./kg.  wt.) 

-  .07 

4  . 10'*'^' 

t  .19-- 

io  of  initial 

f  5.16,.^ 

+  2*26/'^ 

t  5.71^^ 

— 

B.M.R.  (cc./kgo 

-  .  06^:^ 

-  .07- 

f  .01 

-  .12>- 

fat-free  wt. ) 

%  of  initial 

-  1.55;^ 

-  3.26/0 

-  3.05/ 

— 

Total 
io  of 

Weight  (kgs.) 
initial 

-  4. 73* 

-  4.91,4 

4  .12 

-  4.62,^ 

-  .92  -5.57* 

-  5.50)4 

Sig.  at 
'i='i=Sig.  at 

.03  level; 
.01  level; 

tr2.571 
t-^4. 032 
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cent  increase  was  observed.  The  mean  percentage  increase  from 
initial  values  in  the  strength  per  lb.  of  weight  ratio,  exceeded 
the  T.P.S.  increase  by  per  cent  at  Test  2  and  by  9*^1  pe^^ 

cent  over  all  three  phases. 

c)  The  mean  increases  in  Treadmill  Performance  Time 
showed  the  highest  t  values  for  all  measures  when  computed  for 
Phase  1  (t=7.646)  and  also  over  all  three  phases  (t=7*966).  A 
change  of  +1.2  minutes  in  performance  time  during  Phase  111,  was 
not  significant  at  the  .05  level  of  confidence  (t=2.147). 

d)  The  mean  changes  in  B.M.xt.,  expressed  as  cc/kg. 
weight,  increased  significantly  (.01  level)  during  each  of 
Phases  1  and  111  and  over  the  entire  IS  weeks.  B.M.R.  in  cc/kg. 
of  fat-free  body  weight  decreased  at  the  .05  level  of  significanc 
during  each  of  phases  1  and  11  and  also  at  the  termination  of 
phase  111.  Eighty  four  (^4)  pei'  cent  (.16)  of  the  total  increase 
(.19)  in  cc.  Op  per  kg/wt.  occurred  during  Phase  1.  The  total 
decrease  in  cc.  Op  per  kg/fat-free  v/eight  (-.12)  was  divided 
almost  equally  between  Phase  1  (-.06)  and  Phase  11  (-.07)* 

e)  During  the  five  weeks  of  Phase  11,  tliree  measures 
changed  significantly  on  the  average.  Strength  measures  reversed 
the  increases  observed  over  the  initial  eight  v/eeks  and  declined 
2^.43  per  cent  (P^.05)  in  T.P.S.  and  35. OS  per  cent  (P7o01)  in 
strength  per  Ib./wt.  ratio  from  the  Test  2  values.  The  decrease 
observed  during  Phase  1  (-.06)  in  cc.  Op  per  kg/fat-free  weight 
continued  during  Phase  11  (-.07)  and  these  decreases  were  both 
significant  at  the  .05  level  of  confidence.  Plean  treadmill 
performance  time  remained  steady  at  the  Test  2  finding  of  17.3 
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minutes  5*5  minutes  above  the  initial  value.  None  of  the  mean 
changes  in  either  direction  during  Phase  11  was  sufficient  to 
offset  completely  the  changes  observed  during  Phase  1.  An 
analysis  of  the  cumulative  percentage  changes  at  Test  3  shows 
that  average  changes  in  basal  O2  in  cc./min.  and  cc./kg.  of 
weight,  and  in  treadmill  performance  to  a  lesser  extent, 
continued  to  change  in  the  direction  observed  in  the  initial 
phase. 

Individual  Changes  in  B.M.Ii.  Individual  changes  in 
basal  oxygen  intake,  cc./rnin..^  are  plotted  against  changes  in 
total  and  fat-free  body  weights  in  Figure  Vll.  Oxygen  intake, 
at  each  of  the  four  testing  periods,  is  also  described  in  terms 
of  both  the  x^eight  and  fat-free  weight  indie ies. 

Only  tvro  subjects  ,  H.  G.  and  M.  B.,  demonstrated  an 
increase  in  basal  oxygen  consumption  (cc./min.)  throughout  both 
phases  1  and  111.  All  subjects  increased  their  basal  oxygen 
consumption  during  Phase  111  from  3  (PI.B.)  to  13  (J.D.)  cc./min. 
with  the  exception  of  G.B.  v^ho  declined  3  cc./min.  over  this 
five  week  period. 

B.PI.B.  in  cc./kg.  weight  increased  in  all  subjects 
during  Phases  1  and  111.  The  mean  decreases  shov/n  in  cc.  02/kg. 
fat-free  weight,  however,  vj-ere  not  contributed  to  by  all 
subjects.  During  Phase  1,  M.G.  maintained  his  Test  1  ratio  of 
3.95  and  PI.B.  increased  his  initial  value  2.37  per  cent,  from 
4.35  to  4.45.  Subjects  G.K.,  L.Y. ,  and  J.D.  increased  their 
ratios,  .05  in  the  first  two  cases  and  .10  with  the  latter  case, 
over  the  final  five  weeks.  G.B.  and  xi.K.  continued  to  decrease 


Figure  yi'I 

Changes  in  Basa.1  Metabolism 


Cub.joct  H.H. 


-'i.03  4.00  3,9^ 


*  09 

C  ‘C'/K^  •  f ./i  wt;-^  *  9^ 


3.25 

h  ry-i 


3.32 

3.97 


3.18  3.18  3.23 
>.93  3.99  3.91 


3.34 


3.43 


Figure  VII  (Gon't.) 


Subject  L.Y.  il3,2/o) 


Subject  J.D,  (7»9>j) 


Subject  M>B.  (3«0/^) 
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,05  and  .06  respectively  during  Phase  111,  but  these  changes 
were  below  the  decreases  observed  over  the  initial  eight 
v/eeks.  Subject  M,G,  presents  a  completely  different  pattern 
from  the  remainder  of  the  group  in  that  his  ratio  declined  ,04 
or  1,01  per  cent  of  the  initial  value  during  Phase  111  after 
having  remained  steady  over  the  first  tv;o  phases. 

During  Phase  11,  five  of  the  seven  subjects  decreased 
in  all  three  B,M,R,  ratios  regardless  of  the  type  of  change 
experienced  in  Phase  l.with  li,H,  and  M,G,,  however,  changes  in 
cc.  Q2/kg,  weight  established  in  Phase  1  were  continued,  to  a 
lesser  extent,  during  Phase  11,  The  greatest  total  changes  in 
cc,  O2  per  kg.x^rt,  (-12,55;^)  and  per  kg, /fat-free  weight 
were  observed  with  subject  R,H, ,  while  M,B,  showed  the  greatest 
increase  (7.02;^)  in  O2  intake  in  cc./min. 

Individual  Changes  in  Strength,  Changes  in  Total 
Proportional  Strength  are  plotted  against  body  and  fat-free 
weight  changes  in  Figure  Vlll  for  individual  subjects.  Test 
results  for  each  strength  measure  are  also  shorn  along  with 
calculations  of  T.P,3,  per  lb.  of  body  weight  and  per  lb.  of  fat- 
free  weight. 

All  subjects  conform  generally  to  the  pattern  of  change 
indicated  by  the  means  in  that  T.P.S.,  in  absolute  terms  as  well 
as  per  unit  of  both  weights,  increased  during  phases  1  and  111 
and  decreased  over  the  middle  five  x^eeks. 

The  decreases  in  strength  observed  during  Phase  11 
were  sufficient  only  in  subject  MoG,  to  erase  the  gains  shoxm 
over  the  initial  phase.  The  results  of  Test  2  reveal  that  this 
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subject  had  decreased  .40,  1*0^  and  1,50  per  cent  below  his 
initial  values  for  T.P.S.,  strength/lb.  \■^^t.  and  strength/lb* 
fat-free  weight,  respectively* 

The  greatest  increases,  as  a  percentage  of  the  initial 
values,  were  found  with  R.H.  in  T.P.3.  (119.66^),  strength/lb* 
of  (156.93^)  and  strength  per  lb.  of  fat-free  weight  (II4.4770). 

This  subject  had  the  lovrest  initial  values  in  all  of  these 
measures.  M.G.  increased  the  least  in  all  of  his  strength 
measures  (23.56/  in  T.P.S.)  and  also  scored  the  highest  of  any 
subject  in  his  T.P.S.  initially. 

The  average  increase  in  each  of  the  four  strength 
measurements  over  the  entire  IS  weeks,  along  with  the  percentage 
contribution  of  each  of  the  changes  to  the  mean  change  in  T.P.S. 
are  presented  in  Table  XV  for  all  subjects. 

TABLE  XV 

Contribution  of  Individual  Strength  Tests  to 
Increase  in  Total  Proportional  Strength  (N=7) 


Strength  Measure 

Mean  Increase 
(T1-T4) 

/  of  Mean  Increase  in 

T.P.S. 

Back  Lift 

136  lbs. 

27.6fo 

Leg  Lift 

341  lbs. 

70 . 2/ 

Right  Grip 

3  lbs. 

.7-/0 

Left  Grip 

7  lbs. 

T.P.S. 

437  lbs. 

looi 

The  mean  increase  in  Leg  lift  accounted  for  70.2  per  cent  of 


Figure  Vlll 

Changes  in  Muscular  Strength 

Total  Proportional  Strength  Analysis  of  Total  Change  by 

Muscle  Groups 

Subject  R.H.  (35,0%) 


Strength 

Test  (lbs.) 

Test  1 

Test2 

Test3 

Test4 

Back  Lift 

130 

260 

240 

360 

Leg  Lift 

215 

700 

270 

600 

Right  Grip 

89 

92 

118 

95 

Left  Grip 

100 

111 

100 

118 

Str . / lb .  Wt . 

2.02 

4.95 

3.14 

5.19 

Str./lb.  F.F.Wt 

.  3.11 

6.74 

4.19 

6.67 

Subject  C.B.  (33.97o) 


Strength 

Test  (lbs.) 

Test  1 

Test  2 

Test3 

Test4 

Back  Lift 

140 

270 

230 

270 

Leg  Lift 

250 

400 

230 

390 

Right  Grip 

108 

114 

120 

110 

Left  Grip 

129 

83 

80 

92 

Str./lb.  Wt. 

2.37 

3.34 

2.49 

3.27 

Str./lb.  F.F.Wt 

.3.56 

4.73 

3.56 

4.64 

Figure  VI 1 1  (Con ' t  .  ) 


Total  Proportional  Strength 

Sub-ject  M.G . 


Analysis  of  Total  Change  by 
(21. 87o)  Muscle  Groups 


Strength 

Test  (lbs.) 

Test  1 

Test  2 

Test3 

Test4 

Back  Lift 

210 

270 

360 

310 

Leg  Lift 

510 

490 

380 

6/0 

Right  Grip 

133 

120 

115 

130 

Left  Grip 

104 

108 

98 

122 

Str ./lb.  Wt . 

4.62 

4.83 

4.6'^ 

6.03 

Str  ./lb.  F.F.Wt 

.5.90 

6.02 

5.81 

7.29 

Subject  G.H.  (20.0%). 


Strength 
Test  (lbs.) 

Test  1 

Test2 

T*  0  s  1 3 

T  e  s  1 4 

Back  Lift 

100 

250 

260 

210 

Leg  Lift 

440 

550 

460 

580 

Right  Grip 

132 

136 

130 

119 

Left  Grip 

82 

120 

105 

103 

Str  .  / lb .  Wt 

4 . 13 

5.98 

5.40 

5.92 

Str. /lb.  F. 

F.Wt .5 . 15 

7.16 

6.45 

6.83 

Figure  Vlll  (Con't.) 


Total  Proportional  Strength 

Subject  L.Y, 


Analysis  of  Total  Change  by 
Muscle  Groups 


(13.2%) 


Strength 

Test  (lbs.) 

Testl 

Test2 

Test3 

Test4 

Back  Lift 

240 

480 

270 

300 

Leg  Lift 

300 

850 

490 

1,050 

Right  Grip 

142 

120 

130 

140 

Left  Grip 

100 

120 

124 

130 

Str./lb.  Wt . 

5.66 

8.79 

6.51 

10.32 

Str./lb.  F.F.Wt 

.  6.52 

9.39 

6.84 

10.71 

Subject  J.D.  (7,9%) 


Strength 

Test  (lbs.) 

Test  1 

Test2 

Test3 

Te8t4 

Back  Lift 

275 

290 

290 

395 

Leg  Lift 

430 

500 

430 

950 

Right  Grip 

105 

102 

100 

no 

Left  Grip 

89 

100 

100 

105 

Str./lb,  Wt . 

5.74 

7.75 

6.31 

9.30 

Str./lb.  F.F.Wt 

.6.24 

7.89 

7.31 

9.57 

TOTAL  AND  FAT-FREE  BODY  WTS.  (lbs. 


Figure  Vlll  (Con't.) 


Total  Proportional  Strength 

Subject  M.B 


Analysis  of  Total  Change  by 
Muscle  Groups 

(3.07o) 


Strength 

Test  (  lbs . ) 

Test  1 

Test  2 

Test3 

Test  4 

Back  Lift 

150 

300 

230 
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the  increase  in  T.P.So  with  the  Leg  and  Back  Lifts  combined 
contributing  97*^  per  cent  to  the  total  mean  change. 

Individual  Changes  -  Treadmill  Performance.  Figure  IX 
contains  graphical  illustrations  of  changes  in  treadmill  per¬ 
formance  as  plotted  against  changes  in  body  and  fat-free  body 
weights  and  per  cent  body  fat. 

All  subjects  experienced  their  greatest  gains  in  tread¬ 
mill  performance  time  during  the  initial  eight  v/eeks  of  the 
study.  During  Phase  11,  all  subjects  remained  steady  at  their 
respective  levels  determined  in  Test  2  except  L.Y.  who  decreased 
.5  minutes  and  R.H.  who  added  one  more  minute.  All  subjects, 
excluding  C.B.  who  remained  steady,  increased  from  Test  3  to 
Test  4.  Only  G.H.  and  L.Y. ,  however,  showed  similar  patterns  of 
increase  to  those  observed  during  the  first  phase,  by  increasing 
their  performance  times  2.5  and  3  minutes  respectively  over  the 
final  five  weeks. 

G.B.  demonstrated  the  greatest  total  change  in  per¬ 
formance  time  with  an  increase  of  145*45  per  cent  above  the 
initial  value.  This  subject's  total  increase  in  time  of  eight 
minutes,  however,  was  duplicated  by  subjects  L.Y. ,  G.H.  and  M.B. 
M.G.  and  J.D.  were  found  to  have  the  smallest  total  increases  in 
performance  time,  which  xfere  equal  to  4  and  4*5  minutes  re¬ 
spectively. 

The  final  results  of  selected  measurements  for  all 
subjects  are  presented  in  Table  X71.  Mean  values,  reported  for 
college  men,  are  also  presented  for  purposes  of  comparison. 
Photographs,  taken  at  Tests  1,  2  and  4,  are  shovm  in  the  Appendix. 
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Correlation  Study 

Sedentary  Group.  The  triangular  intercorrelation 
matrix  computed  from  nine  measurements  taken  on  34  relatively 
sedentary  males  is  presented  in  Figure  X,  The  following 
observations  were  made  on  the  basis  of  this  matrix  of  simple 
correlation  coefficients. 

a)  Per  cent  body  fat  correlated  at  the  .01  level  of 
significance  with  three  other  body  measurements  -  relative 
body  v/eight  .^90,  total  body  weight  .u77,  and  fat-free  body 
weight  .797. 

b)  Resting  heart  rate  measures  did  not  correlate 
significantly,  at  the  ,01  level,  v/ith  any  of  the  body  measure¬ 
ment  s  • 

c)  Four  variables  correlated  vrith  treadmill  per¬ 
formance  time,  at  the  .01  level  of  confidence: 


per  cent  body  fat 

-.624 

pre-test  standing  heart  rate 

-.617 

relative  body  weight 

“•494 

total  body  weight 

* .  411 

Since  the  physical  or  external  vrark  done  in  walking  is 
directly  proportional  to  the  gross  body  weight,  and  the  fat  men 
are,  as  a  rule,  heavier,  it  was  desirable  to  examine  the  re¬ 
lationship  between  performance  time  on  the  treadmill  in  minutes 
and  the  percentage  of  body  fat,  eliminating  the  effect  of 
variablilty  of  body  weight  per  se.  The  partial  correlation 
analysis  resulted  in  a  value  of  r  (partial)  =  -.603,  xvhich  was 
significant  at  the  .01  level  of  confidence  (t  =  4.63^).  Using 
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a  variance  interpretation,  it  was  observed  further  that  the 
percentage  of  the  total  association  present  resulting  from  the 
effects  of  body  weight  was  approximately  ^/oo  In  other  words, 
at  equal  body  weight,  the  time  taken  for  the  heart  rate  to 
attain  iSO  beats  /  min.  during  walking,  at  progressively  in¬ 
creasing  workloads,  was  significantly  and  directly  related  to 
the  percentage  of  body  weight  represented  by  fat. 

Because  of  the  difficulty  of  a  direct  '’intuitive” 
interpretation  of  a  coefficient  of  correlation,  the  r  is 
perhaps  the  least  useful  method  of  expressing  the  association 
between  variables  (9*24),  especially  in  situations  where  the 
number  of  independent  variables  is  in  excess  of  one  (10).  A 
more  valid  interpretation  of  relationships  can  be  made  by 
viewing  the  relative  size  of  the  contribution  of  each  variable 
(five  body  measurements)  to  the  variance  in  the  criterion 
(treadmill  performance  time). 

The  relationship  between  treadmill  performance  and 
each  of  five  body  measurements,  as  determined  by  the  step-wise 
procedure  of  multiple  regression,  is  presented  in  Table  XYll. 

The  variables  are  ranked  according  to  the  order  of  their  in¬ 
clusion  in  the  multiple  regression  equation.  The  second  column 
represents  the  cumulative  percentage  of  the  total  interpersonal 
variance  in  treadmill  performance  time  accounted  for  by  the 
inclusion  of  each  successive  variable  into  the  multiple  regression 
equation.  For  example,  variable  1  accounted  for  3^oS7  per  cent 
of  the  total  variance,  variable  1  plus  variable  2  accounted  for 
4^.59  per  cent  ...,  etc.  The  t  scores,  v/hich  tested  the 
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significance  of  the  beta  coefficient  for  each  regression,  and 
the  standard  error  of  estiraate,  v/hich  indicates  the  deviation 
between  the  actual  and  predicted  values  of  performance  time  for 
each  regression  equation,  are  also  presented. 

The  variable  shov/ing  the  ”best  fit^'  with  treadmill 
performance  time  was  per  cent  body  fat  or  ^relative  obesity” 
(11:^6).  This  variable  accounted  for  3^- ^7  pei^  cent  of  the 
total  inter-personal  variance  in  the  treadmill  performance 
time  of  the  group  under  study  and  yielded  a  beta  coefficient  with 
a  t  value  of  4.92  which  was  significant  at  the  .001  level  of 
confidence  for  32  degrees  of  freedom. 

The  final  multiple  regression  equation,  v/hich  was  based 
on  all  five  body  measurements,  accounted  for  a  total  of  52.21 
per  cent  of  the  total  interpersonal  variance  in  treadmill  per¬ 
formance  time.  Fifty  decimal  three  one  ( 50.31)  per'  cent  was 
contributed  by  measurements  of  relative  obesity,  fat-free  body 
weight,  and  relative  body  v^eight,  v/hile  the  inclusion  of  gross 
body  weight  and  height  in  the  final  equation  added  an  additional 
3..90  per  cent  to  the  total  accountable  variance. 

Comparison  of  Sedentary  and  Trained  Groups .  The 
relationship  between  three  measures  of  body  mass  and  body  compo¬ 
sition  and  treadmill  performance  time  was  large  enough  to 
apparently  account  for  slightly  over  50  per  cent  of  the  total 
variability  between  individuals  in  the  sedentary  group  studied. 
This  raises  the  question  of  whether  the  differences  in  per¬ 
formance  time  observed  with  training,  in  the  group  of  seven  sub¬ 
jects  formerly  discussed  at  length,  could  be  completely  or 
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TABLE  XVll 

Relationship  Between  Treadmill  Performance  And 
Various  Body  Measurements  (Multiple  Regression  Analysis) 

(N=:34) 


'io  Age  of  Variance  Standard 

Accounted  For  Error  of 


Measurement 

By  Regression 

Estimate-3y,x 
(mins, j 

t  Score 

Rank 

%  Body  Fat 

38. S7 

2.928 

4.92*- 

1. 

Fat-Free  Body 
Weight 

48.59 

2.722 

2.65=i' 

2. 

Relative  Body 

We ight 

50.31 

2.713 

2.11* 

3. 

Height 

52.03 

2.703 

1.41 

4. 

Total  Body 

Weight 

52.21 

2.738 

.292 

5. 

-  sig,  at  ,01 

level  of  significance;  (d  of.  f. 

=  N-n-l) 

-  sig.  at  .05  level  of  significance 

partially  accounted  for  by  changes  in  body  mass  and/or  body 
composition. 

In  order  to  examine  this  question,  the  follov/ing 
general  observations  were  made  on  pertinent  data  presented  pre¬ 
viously  which  graphically  compared  anthropometrical  and 
physiological  changes  during  training. 

a)  Over  all  three  phases  of  the  study,  performance 
time  and  fat-free  body  weight  v/ere  found  to  increase  an  average 
of  70.06  and  3.24  per  cent  of  their  respective  initial  values, 
while  relative  obesity  and  relative  body  weight  declined  40.45 
and  60O2  per  cent  respectively  on  the  average.  All  of  these 
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changes  v/ere  significant  (P>,c3l), 

b)  In  all  four  subjects  who  initially  contained 

more  than  20  per  cent  of  their  weight  as  fat,  measures  of  tread¬ 
mill  performance  and  relative  obesity  generally  showed  apparently 
similar  changes,  in  opposite  directions,  during  Phases  1  and  111, 
No  di  S'tinct  patterns  of  change  were  evident  with  the  three 
leaner  subjects,  especially  in  the  case  of  M, B,  vfho  gradually 
increased  in  both  body  measurements  and  treadmill  performance 
throughout, 

c)  An  analysis  of  final  values  (Test  4)  reveals  that 
the  three  most  obese  subjects  were  30  to  59  pej^'  cent  over-weight, 
30  to  123  per  cent  over  the  mean  value  for  relative  obesity 
found  for  the  sedentary  sample  and  five  to  I4  per  cent  below  the 
average  treadmill  performance  time  for  the  sedentary  group, 

A  more  precise  estimation  of  the  difference  between 
the  treadmill  performance  -  body  composition  relationship  in 
sedentary  and  trained  individuals  is  found  in  Table  XVlll, 

This  presentation  comprised  a  comparison  of  the  differences 
between  predicted  and  actual  (measured)  treadmill  performance 
times  of  the  seven  subjects,  in  both  a  sedentary  state  (Test  1) 
and  at  various  stages  of  the  training  programme  (Tests  2  and  4). 
The  findings  shown  in  this  table  vrere  attempting  then,  to 
determine  the  precision  with  which  one,  two,  or  three  body 
measurements  could  predict  treadmill  performance  time  under  both 
sedentary  and  trained  conditions. 

The  regression  equations  used  for  the  purposes  of  pre¬ 
diction  vrere  chosen  on  the  basis  of  the  significance  of  their 
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beta  coefficients  (Table  XVll)  and  are  listed  below.  All 


equations  were  computed  from  data  on  the  34  sedentary  males. 

Equation  Standard  Error 

of  Estimate 

A.  Performance 

Time  =  20.^3-. 3^6  Body  Fat).  2.93 

B.  Performance 

Time  =  10.10-.531  [io  Fat)  +  .0B9  (Fat-Free  Wt. )  2.72 

C.  Performance  Time  = 


10. 92-. 367  (^  Fat)+.127  (F.F.Wt . ) -.079  (Rel.Wt. )  2.71 

Under  sedentary  conditions  (Test  1),  the  performance 
times  of  six  of  the  seven  subjects  were  over-estimated  by  at 
least  one  of  the  three  regression  equations  based  on  body 
measurements.  The  errors,  of  actual  from  predicted  times,  were 
within  the  standard  errors  of  estimate  computed  for  each  equation 
except  in  the  case  of  the  leanest  subject  initially,  M.B.,  whose 
times  were  over-predicted  by  more  than  one  standard  error  by  all 
three  equations.  The  mean  errors  found  v/ith  subjects  in  a 
sedentary  state  are  positive  for  all  three  equations  indicating 
that  performance  time,  on  the  average,  v^as  over-estimated. 
Equation  A  yielded  the  smallest  mean  error  (  +  .^^  mins.)  of  the 
three  equations. 

The  results  of  Tests  2  and  4  reveal  that  performance 
times  for  all  trained  subjects  were  under-estimated  by  one  or 
more  of  the  equations  based  on  body  measurements.  The  errors  in 
prediction  were  greater  than  one  standard  error  of  estimate  in 
5  of  the  7  subjects  and  with  at  least  one  of  the  three  equations. 


Only  the  performance  times  of  one  subject,  G.H. ,  were  under¬ 
estimated  to  the  point  whereby  the  errors  fell  more  than  two 
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standard  errors  of  estimate  above  the  regression  line. 

The  means  computed  at  Tests  2  and  4  indicated  that  the 
average  predicted  times  from  all  three  equations  were  under¬ 
estimating  the  actual  or  measured  time.  Only  equation  A,  based 
on  the  relative  obesity  measurement,  hov/ever,  yielded  errors 
greater  than  one  standard  error  in  its  predictions.  V7ith  the 
addition  of  the  fat-free  body  weight  and  relative  weight  variables 
into  the  multiple  regression  equation,  the  error  in  prediction 
was  reduced  at  Tests  3  and  4,  the  lov/est  error  {-2.05  mins.  ) 
occurring  with  equation  B. 

Figure  XI  illustrates  the  performance  time  -  relative 
obesity  relationship  under  sedentary  (Tl)  and  trained  (T4) 
conditions.  The  regression  line,  and  errors  of  estimate  were 
computed  from  data  on  the  34  sedentary  males  (Equation  A)  and 
the  Test  1  and  Test  4  values  for  the  seven  subjects  in  the  longi¬ 
tudinal  study  were  plotted.  The  shift  of  plotted  scores  in  a 
direction  away  from  and  above  the  regression  line  is  evidenced 
in  all  seven  subjects  as  they  moved  from  a  sedentary  to  a  trained 
state. 

Discussion 

Reliability  and  Validity  of  Measurements 

All  reliability  coefficients  for  body  measurements 
were  highly  significant  and  quite  comparable  to  values  reported 
by  other  authors  who  have  investigated  these  particular  tech¬ 
niques  (12,  3,  11). 

Body  density  was  determined  with  the  subject  submersed 
follov/ing  a  maximal  inspiration,  and  total  lung  capacity  v;as 
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not  measured  at  the  time  of  weighing.  While  differences  in 
residual  volume  measured  during  submersion  and  on  land  are 
reported  to  be  ^’negligible’^  (13),  the  lung  full  of  air  is  sub¬ 
ject  to  greater  relative  pressures  exerted  by  the  water  on  the 
thoracic  cavity  and  larger  errors  may  result  in  the  determination 
of  density.  These  errors  would  effect  the  validity  of  cross 
sectional  estimations  of  body  density,  but  conditions  for  re¬ 
peated,  longitudinal  measures  on  all  subjects  remained  constant 
and  therefore  changes  observed  from  test  to  test  could  not  be 
similarly  criticized.  The  value  of  115  cc.  assumed  from  the 
quantitative  findings  of  Bedell,  et  al  (14),  for  the  volume  of 
gas  in  the  gastro-intestinal  tract  may  be  regarded  as  accurate, 
for  densitometric  purposes,  in  that  all  subjects  were  measured 
in  a  post-absorptive  state. 

The  test-retest  reliability  coefficient  for  right  hand 
grip  strength,  while  achieving  the  one  per  cent  level  of  sig¬ 
nificance,  indicates  an  error  of  at  least  35  per  cent  of  the 
difference  between  trials  and  cannot  be  accepted  for  purposes 
of  measurement.  It  was  found,  however,  that  changes  in  this 
measurement  with  training  contributed  less  than  one  per  cent,  on 
the  average,  to  the  change  in  T.P.3.  and  its  inclusion  in  a 
consideration  of  total  changes  in  strength,  therefore,  would  not 
create  series  errors.  It  is  important  to  note  that  all  strength 
measures  included  in  this  study  were  designed  to  measure  maximal 
volitional  strength  only  and  than  no  attempt  was  made  to  control 
completely  the  many  psychological  or  motivational  factors 
possibly  involved  in  such  a  test. 
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The  reliability  coefficient  of  .964  found  for  tread¬ 
mill  performance  time  represented  a  mean  difference  between 
trials  of  066  minutes.  The  reproducability  of  treadmill  walking 
times  in  the  present  study,  under  conditions  whereby  brief 
practice  trials  preceded  the  initial  test,  was  apparently  higher 
than  that  found  in  similar  investigations  where  practice  trials 
were  not  employed.  Reliability  coefficients  of  .^4  {S)  and 
(15)  were  reported  under  these  last-mentioned  conditions. 
Important  factors,  such  as  room  temperature  and  humidity  (17)* 
were  not  regulated  in  any  of  these  investigations  and  a  true 
comparision  of  findings,  therefore,  is  not  possible. 

The  unacceptable  consistency  of  measurement  found  for 
the  recovery  and  pre-test  standing  heart  rates  is  supported, 
indirectly,  by  the  studies  of  Taylor  (I6)  and  Hodgson  (5), 

These  authors  questioned  the  validity  of  resting  heart  rate 
determinations  on  the  basis  that  changes  in  these  measures,  over 
a  period  of  training,  did  not  coincide  v/ith  changes  found 

in  circulo-respiratory  tests  conducted  under  conditions  of  sub- 
maximal  (5)  and  maximal  (I6)  v7ork  loads.  These  findings  are 
also  in  agreement  v/ith  the  poor  relationships,  found  in  the 
sedentary  group  (N  =  34),  between  treadmill  performance  time  and 
recovery  heart  rates. 

An  interpretation  of  changes  in  body  density,  in  terms 
of  body  composition,  from  the  formula  of  Brozek  and  Keys  (1:265) 
is  apparently  limited  in  studies  involving  vigorous  physical 

The  validity  of  the  formula  is  based  on  the  assumption 
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(derived  from  nutritional  studies)  that  all  changes  in  body 
density,  are  a  result  of  increases  or  decreases  in  obesity 
tissue.  If  an  individual  maintained  this  initial  level  of 
obesity  tissue,  x-^hich  is  primarily  composed  of  fat,  and  increased 
his  muscular  xveight,  his  body  density  v/ould  increase.  The 
formula  would  fallaciously  interpret  this  density  increase  as  a 
reduction  in  obesity  tissue.  This  concept  is  in  agreement  xvith 
the  findings  of  Buskirk  and  Taylor  (51)  xvho  reported  body 
densities  in  excess  of  1.1  with  athletes.  The  formula  of 
Brozek  and  Keys  would  interpret  such  density  values  to  mean  that 
the  individual  possessed  no  body  fat. 

Anthropometrical  Changes.  All  subjects,  v7ho  x^ere 
initially  overv/eight,  experienced  losses  in  body  xveight  v/hile 
undergoing  a  daily  program  of  vigorous  exercise  and  sports.  The 
weight  loss  xfas  composed  primarily  of  a  reduction  in  subcutaneous 
and  total  body  fat  and,  to  a  lesser  extent,  an  increase  in  fat- 
free  body  v/eight  -  presumably  mainly  muscle.  During  a  sub¬ 
sequent  brief  five  x-jeek  period  in  x/hich  activity  participation 
decreased,  or  became  almost  non-existent,  the  above  mentioned 
variables  continued  to  change  in  the  same  direction  at  a  sub¬ 
stantially  reduced  rate,  xvere  resistant  to  change  or  reversed 
the  pattern  of  change  observed  during  training. 

Assuming  that  the  loss  of  fat  is  achieved  solely 
through  the  creation  of  a  negative  caloric  balance  and  that 
energy  expenditure  is  proportional  to  body  mass  (17,  IS,  19),  it 
would  be  expected  that  the  degree  of  fat  loss  would  be  somewhat 
proportional  to  the  degree  of  obesity  or  overweight.  The  most 
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obese  subject,  initially  (R.H.),  reduced  his  total  weight  and 
fat  to  a  greater  extent  than  any  member  of  the  group.  However, 
in  the  remainder  of  the  initially  overv/eight  subjects, 
especially  in  the  cases  of  G.B.  and  M.G. ,  the  extent  or  rate  of 
fat  loss  was  not  dependent  upon  the  initial  degree  of  obesity. 
Passmore,  et  al  (20),  and  Sonka,  et  al  (21),  reported  similar 
findings  in  studying  obese  males  undergoing  combined  treatments 
of  caloric  restriction  and  exercise. 

Several  explanations  of  this  occurrence  appear  to  be 
warranted.  Although  all  subjects  were  exposed  to  similar  pro¬ 
grams,  in  terms  of  time,  each  subject  was  encouraged  to  work 
only  at  or  tov/ards  his  ov/n  individual  maximum.  Considering  also 
the  extremely  lovi  skill  levels  of  the  three  most  obese  subjects 
upon  entering  the  program  and  the  evident  differences  in  their 
rate  of  motor  learning,  it  was  not  unreasonable  to  expect  xfide 
differences  in  energy  expenditure.  Hanson,  et  al  (22),  have 
recently  shov/n  that  spontaneous  physical  activity  in  rats  is 
greater  after  periods  of  forced  exercise  than  following  similar 
time  periods  of  normal  activity;  and  that  the  intensity  of 
spontaneous  activity  in  the  exercised  group  was  closely  related 
to  the  degree  of  weight  loss  attained.  ^-^Ithough  such  findings 
have  obvious  limited  applicability  to  humans,  it  might  be  expected 
that  attainment  of  immediate  successes,  in  regard  to  fat  loss, 
would  promote  greater  spontaneous  activity,  especially  in  in¬ 
dividuals  who  had  previously  participated  in  virtually  no 
vigorous  exercise  of  any  description. 

Changes  observed  in  gross  body  v;eight  did  not  provide  a 
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true  indication  of  changes,  in  either  direction,  in  body  com¬ 
position.  Furthermore,  there  was  no  evidence  to  indicate  that 
weight  changes  during  training  could  be  attributed  to  increases 
or  decreases  in  ’^obesity  tissue'^.,  the  composition  of  weight 
changes  found  under  conditions  of  excessive  caloric  intake 
(increase)  or  caloric  restriction  (decrease)  (1,  23,  24).  With 
reductions  in  v/eight ,  fat  loss,  in  both  obese  and  non-obese 
subjects,  was  accompanied  by  increases  in  fat-free  body  weight. 
This  observation  was  confirmed  even  in  the  case  of  subject  d.H. 

Vv^ho  lost  an  average  of  slightly  over  3*25  lbs.  of  weight  per 
week  over  the  first  eight  X'feeks  of  exercise  and  almost  15  per 
cent  of  his  initial  body  xveight  during  the  entire  eighteen  weeks. 
Similarity,  increases  in  gross  weight,  observed  during  training 
v/ith  some  of  the  subjects,  were  accounted  for  entirely  by  a  gain 
in  non-fatty  tissue,  v/hile  total  and  skinfold  body  fat  continued 
to  decrease. 

The  methods  of  measurement  do  not  provide  a  detailed 
partitioning  of  the  fat-free  body  mass.  Hov/ever,  an  analysis  of 
data  obtained  from  measurements  of  limb  circumferences,  corrected 
for  their  covering  of  subcutaneous  fat,  and  in  viev/  of  the  pro¬ 
gressive  nature  of  the  training  program  under  study  (25,  26)  it 
would  appear  that  the  greater  majority  of  the  increases  observed 
in  the  fat-free  body  component  may  be  attributed  to  an  increase  in 
skeletal  muscle.  The  anthropometric  photographs,  in  addition, 
indicate  that  muscular  mass  was  increased  with  training  at  body 
sites  other  than  those  actually  measured. 
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It  has  been  found,  in  related  studies  (20,  27)  as  well 
as  the  present  one  that  obese  individuals  have  heavier  fat-free 
body  weights  despite  the  fact  that  a  greater  percentage  of  their 
gross  weight  is  composed  of  fat.  It  v/as  also  presently  observed, 
in  a  comparison  between  subjects  as  well  as  within  the  same 
subjects,  that  the  weight  of  the  fat-free  body  tended  to  increase 
the  most  during  training  periods  v/hen  fat  reduction  was  least, 
Passmore  concluded  on  the  basis  of  his  finding  with  sedentary 
obese  subjects  (20:117):  '^In  some  obese  persons,  especially 
active  ones,  there  is  muscular  hypertrophy  arising  out  of  the  need 
to  move  excess  weight,”  It  would  follov\r  then  that  vrith  formerly 
sedentary  obese  persons  engaged  in  activities  which  constantly 
required  moving  and  lifting  the  body  from  place  to  place,  the 
degree  of  hypertrophy  in  the  muscles  engaged  in  the  work  would 
increase  generally  in  proportion  to  the  amount  of  excess  fat  or 
weight  being  lifted.  Increases  in  muscular  mass  with  those 
subjects  who  were  carrying  an  excessive  burden  of  fat  amounting 
to  less  than  five  per  cent  of  their  gross  weight,  however,  could 
not  be  attributed  solely  to  lifting  and  moving  the  body  mass.  It 
is  conceivable  that  the  overload  required  for  hypertrophy  with 
these  individuals  xvas  derived,  to  a  greater  extent,  from  the  pro¬ 
gressive  resistance  exercise  portion  of  the  program  involving 
weight  training  and  isometric  contractions. 

In  the  five  weeks  of  reduced  or  normal  activity 
(Phase  2),  measurements  of  fat-corrected  limb  circumference  did 
not  indicate  that  any  atrophy  or  decrease  in  muscular  mass  was 
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taking  place.  These  findings  are  consistent  with  those  of 
Yuhasz  (3)  who  reported  that  newly  gained  muscle  mass  in  athletes 
failed  to  decrease  until  the  six  month  of  detraining. 

Subject  M. B. ,  at  24  years  of  age,  had  never  previously 
attained  a  gross  body  weight  greater  than  12^  lbs«  Although  this 
subject  contained  only  tliree  per  cent  of  his  weight  as  body  fat 
initially,  the  weight  of  his  fat-free  body  mass  V7as  24  lbs.  less 
than  any  of  the  remainder  of  the  group  and  33  lbs.  below  the 
lowest  of  the  mean  values  reported  for  college  men  (2).  These 
initial  values  are  supported  in  part  by  the  quantitative  studies 
of  Passmore,  et  al  (2^),  and  McCance  and  Widdowson  (29)  v/ho  re¬ 
ported  that  men  with  relative  body  weights  ranging  from  70  to  77 
per  cent  contained  ’^normal amounts  of  fat,  (29:12^)  *'...  the  real 
abnormality  in  these  men  being  that  they  contained  tv/o  little  cell 
mass.”  Grafe^s  (30:20)  early  theory  of  a  ”luxus  consumptions 
mechanism”  which  burns  off  any  excess  food  intake  in  thin  men  was 
not  supported  by  Passmore,  et  al  (2^,  31),  ^'dio  concluded,  from 
faecal  analysis  and  energy  expenditure  determinations,  that  while 
over  90  per  cent  of  excess  food  was  absorbed  (30:25),  ”...  there 
is  no  shred  of  evidence  to  suggest  that  the  thinness  of  these 
young  men  is  due  to  any  inherent  ability  to  oxidize  surplus  food.” 

During  training,  over  95  per  cent  of  the  gain  in  weight 
observed  in  M.B.  was  composed  of  non-fatty  tissue  and  his  initial 
determinations  of  muscle  mass  increased  a  total  of  9.73  per  cent. 
These  results  are  in  apparent  opposition  to  findings  from 
nutritional  investigations  (2^,  29,  31),  where  a  two-fold  increase 
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in  the  caloric  intake  of  thin  men  produced  a  ’’somevrhat  depressed” 
gain  in  body  weight,  of  which  over  ^5  per  cent  was  accounted  for 
by  an  increase  in  body  fat, 

Physiolo.g;ical  Chanp:es.  Increases  in  total  proportional 
strength  and  strength  per  pound  of  weight  and  fat-free  v;eight 
were  observed  during  periods  of  training.  The  degree  of  im¬ 
provement  in  strength  did  not  appear  to  be  directly  dependent 
upon  the  gross  body  weight  or  the  weight  of  the  fat-free  body  in 
that : 

a)  Initial  and  final  values  of  T.P.S.  were  lov/er  with 
the  more  obese  subjects  and 

b)  Increases  in  strength  per  lb,  of  fat-free  weight 
indicated  that  strength  was  increasing  at  a  rate  much  faster 
than  that  component  of  the  body  which  was  directly  involved  in 
the  strength  measurement.  The  findings  are  in  agreement  with 
the  lov;  correlations  between  strength  and  lean  body  mass  and  body 
fat  reported  by  Rasch  (32:375).  This  author  also  pointed  out,  on 
the  basis  of  his  correlational  analysis:  ”The  fact  that  the 
heavier  non-athletes  are  weaker  per  pound  of  body  weight  is  not 
explained  by  the  presence  of  a  greater  amount  of  fat  in  their 
body  composition,” 

It  is  apparent  that  the  greater  majority  of  differences 
in  total  strength  mthin  the  same  individual,  and  possibly 
between  individuals,  may  be  attributed  to  the  circulatory  (32)  or 
neuro-muscular  (34)  changes  associated  with  progressive  resistance 
exercise.  Decreases  in  muscular  strength,  found  with  detraining, 
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V7ere  similarly  not  apparently  associated  with  concomittant 
changes  in  body  composition.  Reductions  in  strength  during 
Phase  11,  rather,  were  found  to  compare  closely  to  the  degree  of 
increa.se  found  in  the  preceding  period  of  training.  This  pattern 
of  strength  change  is  consistent  with  the  quantitative  determi¬ 
nations  reported  by  Muller  (35). 

The  findings  in  the  present  study  are  based  on  measure¬ 
ments  of  body  compartments  and  total  proportional  strength  and 
can  not  be  extended  to  comparisons  of  tissue  and  strength 
changes  in  individual  muscle  groups.  The  results,  then,  are  not 
necessarily  in  contradiction  to  the  high  relationships  found 
between  strengths  and  limb  circumferences,  as  indicated  in  a 
study  by  Tanner  (36), 

During  training,  subjects  experienced  highly  significant 
increases  in  B,M,R,  in  terms  of  cc,/kg,  gross  body  weight. 

Similar  increases  in  this  ratio  have  also  been  reported  by 
authors  who  have  studied  athletes  over  the  course  of  training 
(37,  3^).  These  changes  in  B,M,R,  were  attributed  entirely  to 
an  increase  in  the  active  protoplasmic  tissue  (37*‘130),’' 

It  can  not  be  concluded,  hov/ever,  that  B,M,R,  in  cc,/kg,  of 
weight  v/as  significantly  increased  in  all  body  tissues,  Kleiber 
(39)  has  shown,  in  rats  during  semi-starvation,  that  separate 
body  tissues  respond  very  independently  to  changes  in  the  total 
B,M,R,  Similarly,  it  v/ould  also  appear  to  be  erroneous  to 
attribute  the  entire  increase  in  B,M,R, ,  in  the  present  study, 
solely  to  the  addition  of  muscular  mass  or  other  anthropometrical 
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changes*  During  Phase  11,  average  reductions  in  oxygen  intake, 
per  kg,  of  weight  and  in  cc./min, ,  were  observed  without 
simultaneous  reductions  in  fat,  muscle  mass,  or  fat-free  body 
weight.  ’iVhile  these  metabolic  changes  were  not  statistically 
significant,  they  suggested  that  at  least  a  portion  of  the 
increase  in  B.M.R.  observed  during  training  v/as  influenced  by 
factors  V7hich  were  changing  independently  of  the  anatomical 
measures  considered.  Previous  investigations  concerned  with  the 
effects  of  aging  (40)  and  semi-starvation  (41)  reveal  that  the 
adaptation  of  the  B.M.R,  to  these  changing  conditions  produced  a 
decrease  x^^hich  was  not  wholly  accounted  for  by  a  reduction  in 
the  mass  of  tissue  lost.  A  more  precise  understanding  of  factors 
other  than  anatomical  variables,  which  influence  a  change  in  the 
total  B.M.R.  would  require  an  examination  of  intermediary 
metabolic  mechanisms. 

It  was  also  found  that  six  of  the  seven  subjects  reduced 
their  oxygen  intakes  in  cc./kg,  fat-free  weight  over  the  initial 
eight  weeks  of  exercise,  '.Vhile  changes  in  this  ratio  were  not  as 
great  as  those  found  in  using  the  gross  weight  ’'standard^^ ,  they 
were  sufficient  on  the  average  to  attain  significance  at  the  .05 
level  of  confidence.  The  use  of  the  fat-free  body  weight  as  a 
basal  metabolic  reference  standard  has  been  supported  on  the 
basis  of  its  consistency  of  expression  betv^een  the  sexes  (6),  and 
among  both  normal  individuals  (2,  42).  as  well  as  those  differing 
in  their  degree  of  obesity  (2,  1,  43)*  The  validity  of  this 
ratio  is  dependent  upon  the  principle  that  the  body  can  be 
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partitioned  into  metabolically  active  (fat-free)  and  relatively 
inactive  (fat)  components.  A  decrease  in  cc./kg.  fat-free  mass, 
then,  would  apparently  indicate  a  decrease  in  the  energy 

expenditure  of  the  cells  themselves.’’  (1:312) 

When  muscular  mass,  which  has  been  shown  to  account  for 
25  to  30  per  cent  of  the  basal  metabolic  expenditure  (44),  is 
added  to  the  body,  a  decline  in  cellular  energy  expenditure 
would  not  be  expected.  Fat,  however,  was  also  being  reduced 
significantly  in  these  subjects,  and  it  is  presently  suggested 
that  any  decline  in  basal  oxygen  consumption,  dui'ing  the  training 
periods,  may  conceivably  be  principally  attributed  to  this  loss 
of  fat.  This  suggestion  is  based  on  the  follov/ing  findings, 
from  previous  as  well  as  the  present  study: 

a)  Fat  has  been  shown  to  have  a  significant^  positive 
statistical  relationship  with  basal  oxygen  consumption  (2,  45,  46), 
and  measures  of  a  combination  of  muscle  and  fat  correlated  higher 
with  basal  oxygen  intake  than  did  muscle  mass  alone  (2,  43)* 

b)  The  finding  (47)  that  fat  accounted  for  only  a  ”... 
fairly  small  fraction”  of  the  basal  oxygen  consumption  was  based 
on  data  from  ’’normal”  and  not  obese  or  ’’overweight”  subjects. 

c)  Adipose  tissue  is  constantly  active,  metabolically, 
in  conducting  such  processes  as  glucose  utilization,  fat  syn¬ 
thesis  from  carbohydrates,  fat  deposition  and  respiratory 
activity  (4^)« 

d)  In  the  present  study,  basal  oxygen  consumption  in¬ 
creased  when  the  proportion  of  fat  lost  to  fat-free  weight  gained. 
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was  reduced,  as  in  Phase  111  or  in  the  case  of  M,B*  where  fat 
reduction  did  not  accompany  a  gain  in  fat-free  weight* 

The  mean  increase  in  treadmill  performance  time, 
found  with  training,  was  more  significant  statistically  than  any 
of  the  other  physiological  parameters  measured  (t  =  7.966). 

Obese  and  non-obese  subjects  did  not  differ  in  their  degree  of 
increase,  but  the  former  group  remained  substantially  below  the 
latter  under  both  trained  and  untrained  conditions.  The  exercise 
program  appeared  to  have  achieved  a  substantial  degree  of 
success,  in  terms  of  cardio-vascular  conditioning  for  sub-maximal 
work,  in  that  "normal”  subjects  raised  their  performance  times 
to  the  level  of  and  even  above  those  reported  for  inter¬ 
collegiate  athletes  (49),  while  the  obese  subjects  attained,  or 
were  within  one  minute  of,  normal  values. 

During  the  brief  period  of  reduced  or  normal  activity 
(Phase  11),  there  was  no  evidence  to  indicate  that  any  of  the 
improvements  experienced  in  treadmill  performance  during  the 
initial  eight  V7eeks  of  training  had  not  been  retained.  Micheal, 
et  al  (50),  also  found  that  treadmill  performance  time  and 
oxygen  uptake  during  sub-maximal  work  were  maintained  at  high 
levels,  throughout  30  weeks  of  detraining,  with  former  Olympic 
and  inter-collegiate  athletes.  These  findings  can  not  be 
extended,  however,  to  all  types  of  exercise  programs.  Alexander, 
et  al  (49),  found  that  gains  in  treadmill  performance  time 
observed  with  subjects  undergoing  a  brief,  intensive  type  of 
conditioning  regimen  were  slightly  reduced  during  the  initial 
two  weeks  of  detraining.  It  is  important  to  consider  that  the 
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rate  of  increase  observed  with  the  present  subjects,  who  vrere 
training  vigorously  for  almost  one  hour  daily,  was  well  above 
that  found  for  participants  in  shorter,  but  probably  more  in¬ 
tensive,  programs  (49,  15)o  It  is  conceivable,  then,  that 

the  type  of  training  program  as  well  as  the  amount  and/or  per¬ 
centage  of  increase  in  performance  might  have  a  direct  bearing 
on  the  degree  of  retainment. 

Treadmill  Performance  -  Body  Composition 
and  Body  Piass  Relationships 

Sedentary  Conditions.  A  combination  of  five  measures 
of  body  mass  and  body  composition  were  found  to  account  for 
52.21  per  cent  of  the  total  interpersonal  variance  in  the 
treadmill  performance  times  of  the  sedentary  group  studied. 
Relative  obesity,  or  that  percentage  of  the  gross  body  weight 
which  composed  of  fat,  accounted  for  3B.B7  per  cent  of  this 
total  variance  and  showed  a  highly  significant  negative  corre¬ 
lation  with  treadmill  performance  time  when  the  effect  of  gross 
body  weight  v;a3  partialled  out  (t=4»B3B).  These  latter  two 
relationships  v/ere  also  found  to  be  significant,  but  lower, 
in  a  study  by  Buskirk  and  Taylor  (11)  when  heart  rate  measured 
during  treadmill  walking  in  the  ’'steady  state"  was  used  as  the 
physiological  criterion. 

The  present  findings  can  not  be  extended,  hov/ever,  to 
include  maximal  performance  tests  (51,  52)  or  determinations  of 
basal  cardiac  function  (53)»  '^^hey  do  not  imply,  furthermore,  a 
contradiction  of  those  findings  (iB)  which  revealed  that  obesity 
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or  excess  fat,  per  se,  was  not  an  important  factor  in  the 
etiology  of  cardio-vascular  disease,  iiaximal  oxygen  intake 
(51)  and  basal  cardiac  output  (53)  were  found  to  correlate 
significantly  V7ith  the  fat-free  body  v/eight  but  not  with  body 
fat,  while  total  body  weight  accounted  for  less  than  12  per  cent 
of  the  total  variance  in  maximal  treadmill  running  time  (52). 

V/hile  this  last  mentioned  study  did  not  include  body  composition 
variables  in  the  regression  analysis,  and  the  state  of  training 
of  the  subjects  is  not  knoim,  it  is  importajit  to  consider  the 
author’s  findings  that  over  60  per  cent  of  the  total  variance  in 
running  tim.e  was  accounted  for  by  circulo-respiratory  measures 
of  oxygen  intake  and  pulse  rate. 

In  view  of  the  above  findings  and  the  recent  results 
of  a  similar  study  involving  a  factor  analysis  of  cardio¬ 
vascular  condition  (55),  a  clarification  of  present  findings  is 
necessitated.  The  significant  negative  correlation  between 
relative  obesity  and  treadmill  performance  time  is  consistent 
with,  but  does  not  necessarily  prove  a  causal  relationship  between 
the  percentage  of  gross  weight  which  is  composed  of  fat  and  the 
performance  time  on  the  treadmill.  Furthermore,  it  is  not 
evidence  that  cardio-vascular  parameters  are  relatively  un¬ 
important  as  limiting  factors,  but  rather  that  the  two  variables 
are  intimately  related  in  the  normal  individual  and  raises  the 
question  of  v/hether  one  (the  various  cardio-vascular  paramenters) 
is  not  controlled  or  influenced  through  some  intermediate 
mechanism  by  the  other  (relative  obesity).  This  interpretation 
would  also  apply  to  the  significant  relationship  found  betv^een 
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the  combined  anthropometrical  measures  and  treadmill  per¬ 
formance  time. 

This  ’’intermediate  mechanism”  is  not  clearly  defined, 
but  some  degree  of  speculation,  on  the  basis  of  related  study, 
appears  to  be  warranted.  Firstly,  the  obese  man  is  under  a 
substantial  handicap  in  physical  performa.nce  requiring  ex¬ 
hausting  work  because  of  the  load  of  fat,  vmich  does  not  con¬ 
tribute  to  his  performance,  and  which  he  must  carry  with  him, 
Buskirk  and  Taylor  (51^7^)  concluded  from  their  findings  that, 
while  obesity  and  maximal  oxygen  comsumption  were  not  correlated, 
the  excessive  load  of  fat  ”...  makes  the  accomplishment  of  a 
specific  work  task  more  difficult.”  Conversely,  the  addition 
of  muscle  mass  or  fat-free  body  weight  would  apparently  be  a 
contributing  factor  to  improved  performance.  Miller  and  Blyth 
(43*140)  have  similarly  sho^.^  that  increasing  amounts  of  body 
fat  are  lifted  during  exercise  as  an  excessive,  inert  weight 
and  that  the  work  capacity  of  an  obese  person  is  definitely 
limited,  as  the  oxygen  requirement  per  unit  of  lean  body  mass 
rises  without  a  corresponding  increase  in  the  capacity  for 
oxygen  uptake. 

Much  evidence  (55,  56,  57)  has  been  shown  recently  in 
support  of  the  concept  that  the  dimensions  of  the  peripheral 
vascular  bed  have  a  profound  influence  on  the  quantity  of  blood 
returned  to  the  heart  and  the  cardiac  output.  Taylor  concluded 
(55:146):  ”In  vsubmaximal  states,  there  is  an  elegant  balance 
between  cardiac  output,  blood  pressure,  the  size  of  the  vessels 
in  the  muscles,  and  the  venous  return.”  In  turn,  increasing 
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amounts  of  body  fat,  according  to  the  findings  of  Rushmer  (5^), 
v7ould  appear  to  have  a  definite  effect  on  this  important 
determinant  of  cardiac  function.  This  investigator  concluded 
(5^:233)  •  ’’Obesity  is  frequently  accompanied  by  atherosclerosis 
and  mild  or  moderate  degrees  of  hypertension  V7ith  some  potential 
increase  in  the  volume  load  on  the  heart  due  to  the  proliferation 
of  capillary  beds  into  newly  formed  adipose  tissue. 

Per  cent  body  fat  was  superior  in  its  relationship 
with  treadmill  performance  to  both  relative  and  gross  body 
weights.  This  order  of  relationship  is  consistent  v/ith  the 
findings  of  Buskirk  and  Taylor  (11).  V/hile  significant  corre¬ 
lations  V7ere  found  presently  between  per  cent  body  fat  and 

relative  (.^90)  and  gross  (.^77)  body  weights,  the  relationships 

/ 

shown  above,  in  combination  v/ith  the  previously  discussed 
analysis  of  weight  changes  during  training,  definitely  indicate 
that  gross  body  weight  and  relative  body  weight,  to  a  lesser 
extent,  do  not  provide  accurate  indicies  for  the  evaluation  of 
obesity. 

Sedentary  and  **Trained”  Conditions.  The  regression 
equations  based  on  data  from  34  sedentary  males  were  accurate 
v;ithin  two  standard  errors  of  estimate  in  predicting  the  mean 
treadmill  performance  times  of  seven  subjects,  in  both  trained 
and  untrained  states.  This  accuracy  of  estimeition  under  varying 
conditions  would  apparently  indicate  that  the  significant 
anthropometrical-physiological  relationships  found  in  sedentary 
subjects  were  maintained  in  individuals  v7ho  had  undergone  an 
extensive  program  of  training.  There  is  some  evidence  to  the 
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contrary,  however,  which  illustrates  that  as  training  progressed, 
body  fat  and  relative  body  weight  and,  to  a  lesser  extent,  the 
weight  of  the  fat-free  body,  were  becoming  less  important 
determinants  of  sub-maximal  cardio-vascular  performance  than 
they  had  been  under  sedentary  conditions. 

This  trend  is  evidenced  in  the  increase  in  error  with 
all  equations,  as  training  progressed  and  is  most  noticeable  in 
those  subjects  (H=3)  who  had  attained  a  very  high  level  of 
performance.  Furthermore,  the  increase  in  error  was  in  the 
direction  of  underestimation  which  would  indicate  that  active 
subjects  were  walking  longer  than  v7ould  be  anticipated,  under 
sedentary  conditions,  for  the  degree  of  relative  obesity, 
relative  weight,  of  fat -free  body  weight  which  they  possessed. 
Percentage  increases  in  treadmill  performance  time  were  sub¬ 
stantially  superior  to  changes  in  any  aspect  of  body  mass  or 
composition  and  it  was  observed  that  subjects  v/ho  were  still 
very  much  obese,  in  regard  to  fat  content,  were  performing  at  or 
near  the  level  of  sub -maximal  v/ork  capacity  found  for  normal 
college  men. 

Previous  study  (51,  59)  has  shoivn  that  highly  trained 
athletes  perform,  in  terms  of  maximal  oxygen  intake  at  signifi¬ 
cantly  higher  levels  than  their  physically  inactive  contemporaries 
and  yet,  quantitatively,  are  similar  in  both  body  mass  and  body 
composition.  The  differences  between  the  trained  and  untrained 
would,  in  part  at  least,  be  due  to  an  improved  cardio-vascular 
performance,  which  may  be  related  to  the  fact  that  the  well 
trained  muscle  has  a  larger  vascularization  than  the  untrained 
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muscle  (55il4^)*  Similarly,  studies  involving  middle  aged  and 
older  men  (11,  60)  reported  insignificant  relationships  between 
relative  obesity  and  the  heart  rate  response  during  exercise. 

This  loss  of  correlation  v/ith  increasing  age  was  explained  by 
Buskirk  (11)  to  be  due  to  the  gain  in  importance  of  myocardinal 
degeneration  as  a  determinant  of  the  heart  rate  response  to 
exercise. 

Increases  in  treadmill  performance  time  in  the  present 
study  were  accompanied  by  marked  changes  in  body  composition  and 
it  is  not  possible,  at  this  time,  to  evaluate  the  extent  to 
which  either  cardio-vascular  or  anthropometrical  variables 
have  contributed  to  this  improvement.  Any  attempt  to  separate 
the  influence  of  these  two  sets  of  variables  requires  the 
assumption  that  they  are  changing  independently  of  one  another. 

In  light  of  previous  discussion,  it  is  apparent  that  a  reduction 
in  excess  body  fat  would  have  a  beneficial  effect  on  peripheral 
circulation  along  with  a  definite  reduction  in  the  oxygen 
required  for  a  specific  work  task.  There  is  an  indication,  from 
the  decline  in  relationships  observed  with  training,  however, 
that  improvement  in  certain  cardio-vascular  variables,  which 
have  been  shown  to  be  important  determinants  of  sub-maximal 
work  performance  (52,  54,  55),  was  greater  than  would  be  found  or 
expected  solely  from  a  reduction  in  relative  obesity  or  relative 
weight  or  an  increase  in  fat-free  body  weight* 

A  more  precise  evaluation  of  the  contribution  to  cardio¬ 
vascular  performance  of  either  training  (or  some  other  form  of 
treatment)  or  anatomical  changes  would  require  the  somev/hat 


.  A  ‘'1.^  CxIIa. 

•  • »  »*  f  ^  w  »-  w  C4  ■ '  j»  .  ^ 


1:1  -Cf) 


I'-iiXl -ly  oo'^  .  C  O; 


c* . 


■I  -Vi, 

*.  4 

oiixG 

\;I*x/ 1  r 

t 

.  W  ^  \  ' 

.'  r  •  0 

•f  ' .  • 

r ' 
•  / 

cICc  uit; 

:  J’XaX 

oJ. - 

•ix-X-i^ 

J2  t 

(«^'o 

r  r  \ 

A.J.} 

ilr: 

I'l  'aiJ.Io 

xiox";;- 

c.'X 

0  J  ;  ,'I 

f.rl  pXj 

/ 

nr  vji! 

2  r  d  0 

Vlci  I?*! 

L 

c.  X 

;  »  »•  r  ** 

-i.  »-  4I  .2 

X  v  J 

iv;  It  c  l 

Ls'i'ico 

r- 

10 

BEOl  Cixii 

O' j ..!; 

l..i. 

r!x  ■ 

r  r- 

J  oJ  e 

i.if 

ed  cJ" 

*“  r 

\  '  »■ 

4 

/ 

Li/'t 

v;  A  ;. 

4 

x’j  '*0 

cJr 

.  i  f ;  ^i£ 

r£ 

V  X'  c-  £. 

XI  ji 

^  r 

L.  ^  . 

-iene^cfc 

. '  OxO'irxo 

v-i.r'r.tv;  '  i  :'  i  .-  c,.  e:;/  j/.<:  't',co  .ri.i;fl.f'i  r'.-  x  •-  p  ;2i  '-.r ':o£-I 

.  ii'-- vJ.;.co»;:  1' c  _  i:  i  c."  i:.  i'o  \d  ':• '"i.i'cr.iuoc./  Yijjoc 

'■;•  tj.jlfvo  O.  ,  uU  Cft  .oXcicecq  Cci:  Bi.  cfi 

c  ^ -' A  V.’.  L.  'iooi  c  .oxocrp.  '10  -if  Tjjo?  -  V--  if ';.•  D  "loifctio  xloxriw 

w','  'I  -/  C  '-  Ci  '  c) 


'  *  Tin*  \’c  2 '  oi:!.-  o.'l  h-OwUcfx'‘iv xico  fcV£:l 


4 . 


J.U. 


‘.;.c  6on  jjixii.:  e:lc; 


.  X  '.  A  i  o  o  n;:  c  r.  > '  ‘1 0  ' .  J 1,  j 
iiO  '. C  LLi  t)'!. 
ijr:  '1C-  ri'  •  ;r  'll.  ■ 


7  U  Cos'  X,  .  jV;  .  00  t;  i 

!*..:  .ij;-fii.c  x-  r-  '^  d' r' ‘  rii.j  dqijJc.c  B. 


V  .  Xiv;  Of.f.jv:!.  07  rJ:  ^  .■;  ^  f  ■  r.;- ^  ij  .0:..;  rvo^ic  ?.o  ctiij'iX  nl 

wl:-..  J..;  ioi  112.4  f.  f  V  f*;.’  fI»;C'A*  J  £.*;  V,L  QCl  i-ifOXO  fli 


{ 


\::u  odJ  i.J;  r.oiv-r;-  -  fv;  :}.  j; 


1-  iivXw  ■:././•  nc  Iw  xXj  C'li.o 


,r:oxG^oI;  :  i  nr  oX  e'l^L.  .  .  .d  or  x  'ic'i  lo'xjijjps^i 


t  5  i.lii.ji'iv  /.v<7v*  :,\'ooc.C'  ..••Jf,  r.i  efiilosi:  oxicr 

t^-s=u.s7';/^v  'xilnLn.jv-<.M  '1-0  c:l.  J-iec  ri  r:ir vonoxu  disld 
Irri-yccn-  !JL‘  .to  r.-'.*! 'r  .  J. ;  djr  -d-cqnl  od  od  nworic  need  evBri 
aJ  iu.xfc.x  e  f.  X.i  .jo,4j  iixi  vj  rf  b£\^  c'vO  ti'c  {'"C)  ocnjrmc': 'xe<i  dlic^r 

'{dr^eao  ov  <  1  >  r:/  no '  vorir^i-i  •  f  Licri£  vSrlor,  tedooczcj 

t? 

•  •oi’.^LB’y  x'.oi  tjo’.'.~dr'j  nl  ©ont'io/.l  a.  ro  cfiirlsv; 
-os.d'iBO  c.i  nci  v’j. xjilCG  erL-.  ic  i.clds  s  Itvi  &c;i;ot*io  r-'ioi-A  A 

-4-0  t.i'.  Gj,  X  G  O  f-iMc  o  -..c )  ^'X.J  xiXa 'io  o  ^fio.ro  Xo  f  cn.ri  ;*^c'inoc  ir-Ii/oai  v 
Jnri’.vSi.ioo  ..opr  'j  j:Iij<’'  r,  xj..' r'o  I:  i-if.xcJxx*!'.  'ir  ( 


-  167  - 


imposing  task  of  controlling  one  of  these  combinations  of 
variables.  It  is  interesting  to  note  the  findings  of  Kotilainen 
et  al  (6l),  in  this  regard.  Initially,  "overweight’^  men  v/ho 
V7ere  subjected  to  a  controlled  diet  of  ^00  cal/day  over  a 
period  of  three  months  and  who  lost  a  significant  (13»2  kgs,) 
amount  of  weight  on  the  average  demonstrated  a  reduction  in 
both  the  resting  and  post-exercise  pulse  rates.  In  those 
overweight  subjects  v/ho,  for  some  unexplained  reason  did  not 
lose  weight  on  this  dietary  regimen,  no  changes  in  the  physio¬ 
logical  parameters  were  found. 
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CHAPTER  V 


SUPj144RY  and  CONCLUSIONS 

Summary .  Anatomical  and  physiological  changes  occur 
in  individuals  participating  in  vigorous  physical  activity. 

It  has  been  the  purpose  of  this  study  to  assess  certain  aspects 
of  these  changes  in  a  small  group  of  obese  and  non-obese  young 
men,  and  particularly  to  examine  the  relationships  between 
changes  in  body  composition  and  changes  in  selected  measures  of 
body  functions. 

Seven  men  differing  markedly  in  body  fat  content  were 
tested  at  the  beginning  and  end  of  consecutive  period  of: 
daily  training  (6i  weeks),  voluntary  training  (5  weeks)  and 
daily  training  (5  weeks).  Body  composition  was  assessed  by 
means  of  water  immersion  densitometry,  skinfold  fat  measures, 
and  both  gross  and  fat-corrected  body  dimensions.  The  physio¬ 
logical  variables  under  study  V7ere  basal  metabolic  rate, 
muscular  strength  and  the  Balke  treadmill  test  of  sub-maximal 
work  capacity.  Caloric  consumption,  over  the  entire  IB  weeks 
and  physical  activity,  during  the  period  of  voluntary  activity, 
were  recorded  daily.  Mean  changes  between  tests  in  all  measures 
for  the  six  initially  overweight  subjects  were  tested  for 
significance  at  the  .05  and  .01  levels  of  confidence.  Changes 
in  body  measurements  were  plotted  against  physiological  changes 
and  presented  graphically  for  each  subject. 

Thirty-four  healthy  but  relatively  inactive  young  men 
V7ere  tested  to  determine  the  relationship  between  treadmill 
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performance  time,  -  and  body  mass  and  body  composition*  The 
data  were  analysed  by  multiple  regression  procedures  and 
predictive  equations  were  computed.  The  relationships  obtained 
vrere  then  tested  under  both  sedentary  and  trained  conditions 
by  assessing  the  ability  of  the  equations  (based  on  data  from 
the  sedentary  males)  to  predict  the  performance  times  of  the 
seven  subjects  at  various  stages  of  their  training. 

Conclusions.  Within  the  limitations  of  measurement 
reliability,  the  follov/ing  changes  and  relationships  were 
observed  with  men  undergoing  a  program  of  vigorous  physical 
exercise. 

1.  Hen  idio  were  initially  overweight  experienced 
losses  in  gross  body  v/eight  vdiich  ranged  from  1.6  per  cent  to 
14.5  per  cent  of  their  initial  values  (mean=  -5.5  per  cent). 

All  weight  losses  were  accompanied  by  decreases  in  total  body 
and  skinfold  fat  and  increases  in  fat-free  body  weight  and 
muscle  mass. 

2»  The  degree  of  fat  loss  was  not  dependent  upon 
the  initial  level  of  obesity.  Fat-free  body  weight  was  in¬ 
creased  most  in  those  subjects  who  experienced  the  smallest 
reductions  in  body  fat. 

3.  One  very  thin  subject  increased  his  gross  body 
weight  a  total  of  10.5  lbs.  or  3.3  per  cent  of  his  initial 
weight.  Over  95  per  cent  of  the  v/eight  gain  was  composed  of  an 
increase  in  fat -free  body  weight  and  muscular  mass.  Weight 
changes  in  either  direction,  with  both  obese  and  non-obese 
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subjects  undergoing  daily  training,  could  not  be  attributed 
to  increase  or  decreases  in  ^obesity  tissue’^  -  the  composition 
of  v/eight  changes  found  under  conditions  of  excessive  caloric 
intake  (increase)  or  caloric  restriction  (decrease). 

4o  During  a  five  week  control/ in  which  activity 
participation  decreased  or  became  almost  non-existent,  measure¬ 
ments  of  body  composition  continued  to  change  at  a  substantially 
reduced  rate,  were  resistant  to  change,  or  reversed  the  pattern 
of  change  observed  during  training.  Measures  of  muscle  mass 
did  not  change  over  this  period. 

5.  Total  Proportional  Strength  increased  with 
training  and  generally  decreased,  in  proportion  to  the  degree 
of  increase,  during  five  v/eeks  of  detraining.  Neither  initial 
values  nor  increases  in  T.P.S.  were  directly  dependent  upon 
either  gross  or  fat-free  body  weight. 

6.  a)  Basal  oxygen  consumption  per  unit  of  body  weight 
increased  during  training.  The  entire  increase  in  B.M.R.  could 
not  be  accounted  for  solely  by  changes  in  body  mass  or  body 
composition,  i.e.  muscle  mass. 

b)  During  the  first  eight  weeks  of  exercise,  basal 
oxygen  intake  per  unit  of  fat-free  body  weight  declined.  This 
reduction  in  oxygen  intake  was  attributed  to  a  marked  decrease 
in  body  fat.. 

7.  The  most  significant  increases  in  any  physiological 
measure  were  observed  v.ath  treadmill  performance  time  (t  =  7.966). 
Obese  subjects  improved  their  performance  times  (4  to  B  minutes) 
to  the  level  of  or  just  below  the  mean  reported  for  normal 
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college  men  while  the  non-obese  subjects  had  similar  increases 
(4*5  to  S  minutes)  which  produced  final  values  similar  to  those 
reported  for  athletes  in  training.  Performance  levels  attained 
during  training  were  retained  over  the  five  week  period  of 
reduced  activity. 

Anthropometrical  measurements  of  relative  obesity 
fat-free  body  weight  (9*72/),  relative  body  weight 
(1.72^0,  height  (1.72/^)  and  weight  (.l^/o)  accounted  for  52.21  per 
cent  of  the  total  inter-personal  variance  in  the  treadmill 
performance  times  of  34  relatively  sedentary  young  men.  Each 
of  the  first  three  variables  contributed  significantly  to  the 
total  variance.  At  equal  body  weight,  the  time  taken  for  the 
heart  rate  to  attain  1^0  beats/min.  d^uring  walking  at  pro¬ 
gressively  increasing  work  loads,  was  significantly  and  directly 
related  to  that  per  centage  of  the  body  composed  of  fat  (partial 
r  =  “.603) •  The  importance  of  body  composition  as  a  possible 
determinant  of  cardio-vascular  function  during  sub-maximal  work 
was  discussed. 

9.  The  regression  equations,  based  on  body  measurements 
and  treadmill  performance  data  from  the  sedentary  group,  over¬ 
estimated  the  performance  times  of  seven  subjects  prior  to 
training  and  underestimated  their  times  at  each  of  two  stages 
during  training.  Errors  in  prediction  were  greater  under 
"trained”  than  under  sedentary  conditions  but  were  still  within 
two  standard  errors  of  estimate  in  six  of  the  seven  subjects. 
Training  or  daily  physical  exercise  was  contributing  to  the 
improvements  in  sub-maximal  cardio-vascular  performance  time 
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in  both  obese  and  non-obese  subjects,  somev/hat  independently 
of  reductions  in  body  fat  and  relative  body  weight  and  increases 
in  fat-free  body  weight.  This  contribution  was  greatest  in 
those  subjects  who  had  attained  the  highest  levels  of  per¬ 
formance. 

The  present  findings  are  in  agreement  with  previous 
clinical  and  laboratory  observations  which  have  associated 
obesity  with  an  accumulation  of  excess  body  fat  as  well  as 
sub-normal  levels  of  cardio-vascular  performance,  muscular 
strength  and  basal  metabolism.  It  was  f^orther  evidenced  that 
a  progressive  program  of  vigorous,  physical  exercise  con¬ 
tributed  to  the  therapy  of  obesity  by: 

a)  specifically  or  directly  changing  each  of  the 
above  parameters,  and 

b)  rendering  changes  in  certain  aspects  of  body 
composition  which  in  turn  contributed  to  improvements  in  the 
selected  physiological  variables. 
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APPENDIX  A 


Statistical  Formulae 


1.  a)  Pearson  Product  -  Moment  Coefficient  of  Correlation 


=  N(^xy]-  (£X)  (£■/)__ _ 

Ncn£X^-  iA/£  y2-  i±iY 


b)  Partial  Correlation  Coefficient 

TX,  r  Xi) 

'\lr/ -  X  [(I 

^  -  r X .  y *  *  Xji  .  ^deg.  of  freedom  =  N-3) 

'  AT-J 


2 .  Significance  between  Means _ -  Paired  Samples 


3 .  Multiple  Regtession  -•  Step-Wise  Procedure 


Regression  Equation 

Y  =  a  +  bX  (for  1  variable  (x)  and  dependent  variable  (Y)) 


Standard  Error  of  Estimate  for  Regression 

TT'  '  ‘ 


c)  F  Ratio 

F  =  Mean  Sg.  Residual/Mean  Sg.  Error 
degrees  of  freedom  for  F  =  n/N~n~l 


d)  t  Ratio 

t  =  Beta  Wt . 


Error  Beta  Wt . 


degrees  of  freedom  -  N-n-l 
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APPENDIX  B 

PEASUiiEI^ENT  OF  BODY  GOIviPAxiTIENTS 


Time _ Name _ Age 

Temp. _ ^  Date _ Study _ 

Water  Temp,  _ ^ 

B,P.  (mm.  Hg) _ _ 

Water  Density _ 


Densitometr ic  Determination 


1,  Weight  in  Air 

(x) 

lbs. 

2,  Apparent  Weight  in  Water  (full  inspiration) 

(full  expiration)  (x)  lbs. 

(x) 

lbs. 

3.  Weight  of  Apparatus 

(x) 

lbs. 

4.  Submerged  Weight  = 

5.  Total  Gas  Volume  (T.L.G.)  f  (V.G.I.) 

- 

cu,  in. 

cu.  in.  X  .0362  = 

lbs. 

6.  True  Weight  in  Water  (4.)  P  (3.) 

lbs. 

7.  Body  Volume  (1.)  -  (6.) 

lbs. 

Body  Density  ( 1 ) _ X  (D,  Water) 

(7) 


TOTAL  BODY  FaT 

Verification  of  LUNG  VOLUivES 

a)  D  =  (table) 

(l.T.F.3. ) 

Land  Vital  Capacity  =  1 

Total  Fat  =  or  ,0 

Residual  Volume 

b )  Fat  V7e  ight  =  ( 1 . )  X 

Total  Lung  Gap, 

(a)  =  lbs. 

c)  Fat  Free  Weight  =(1) 

-  (b)  ::  lbs. 

Water  (x) 

V.C.  (spirometer) 

1;  X  =  l(BTPd) 

V,G,  (weight  diff,) 

=  lbs.  X  0.0362  =  1 

i 


.  .  J.  V.  *  . 


#  «  i?  t  -L 


►  t.  .  V 


i...  •  . . 


•  f  •  1,*  I 

i  .  --:  '  -  i '1 


r  '  : 


»  A  « 


(  r 
\  ' 


..'i  JC'; 


i  .  -I  V  L 


(c 


kv 


S  ,  it 


APPENDIX  C 


Measurement  of  Functional  Xesidual  Volume «  (closed  circuit 
Helium  dilution  m.ethod): 

The  test  began  with  the  initial  concentrations  of 
helium  in  the  lungs  equal  to  zero  and  in  the  spirometer  being 
precisely  10  per  cent  (a  knovm  value  of  helium  being  added 
to  the  spirometer  before  starting  the  test).  The  subject 
then  rebreathed  from  the  spirometer  until  mixing  was  complete, 
i.e.,  the  concentration  of  helium  was  the  same  in  both  lungs 
and  the  spirometer.  A  Godart  analyzer  was  used  for  measurement 
of  helium  concentration. 

The  initial  volume  of  gas  in  the  lungs  was  then 
computed  on  the  principle  that  the  number  of  molecules  of 
helium  is  the  same  in  the  lung-spirometer  system  at  the  end 
of  the  test  as  at  the  beginning.  Thus: 

Amount  of  He  in  lungs  f  amount  of  He  in  spirometer  = 
total  aniount  of  He. 

Amount  of  He  =  volume  of  gas  (V)  X  fractional  con¬ 
centration  of  helium(F). 

Therefore : 

(initial  Lung)  ( initial  spirometer ) (end  lung  4 

spirometer) 

If  the  volume  of  the  lungs  is  unknown  and  the  volume 
of  the  spirometer  is  2,000  ml.,  and  the  initial  and  final 
concentrations  in  the  bellows  are  10  per  cent  and  5  per  cent 
respectively: 
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0  +  (2000  X  0.10)  =  (Vl  f  2000)  0.05 
200  -  100  =  0.05  V 
Vl  =  2000  ml. 

Measurement  of  Static  Stren;?th: 

Back  Lift  -  The  subject  stood  erect  v^ith  feet 
flat  on  the  platform,  hands  on  the  front  of  the  thighs,  and 
fingers  extended  downwards.  The  dynamometer  chain  was  hooked 
so  that  the  bar  level  was  immediately  below  the  finger  tips 
and  the  subject  firmly  grasped  the  hands  at  the  ends  of  the 
bar  with  one  palm  forward  and  one  palm  backward.  The  subject 
v/as  tlien  in  a  position  to  lift,  v/ith  the  back  bent  slightly 
at  the  hips  but  with  legs  straight  and  no  bend  at  the  knees. 

The  subject  lifted  steadily  ifith  the  administrator  firmly 
grasping  his  hands  throughout  the  lift. 

2.  Leg  Lift  (with  belt)  -  The  subject  took  a  position 
on  the  platform  v/ith  the  feet  flat,  back  straight,  head  up, 
and  the  knees  flexed  at  110  -  115  degrees  for  each  trial.  The 
bar  was  held  with  both  hands  together  in  the  centre,  palms 
dovm  and  so  that  it  rested  at  the  junction  of  the  thighs  and 
the  trunk.  The  loop  end  of  the  belt  was  slipped  over  one  end 
of  the  handle;  the  free  end  looped  around  the  other  end  of  the 
bar  and  tucked  under  so  that  it  rested  next  to  the  body.  The 
administrator  held  the  bar  firmly  against  the  subject's  body 
during  the  lift.  A  lift  was  considered  to  be  '^maximum’'  only 
when  the  subject's  legs  were  straight  at  the  end  of  the 
lifting  effort. 

3.  Grip  Strength  (right  and  left  hands).  The 
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manuometer  was  placed,  face  doxm,  in  the  subject's  palm  in 
such  a  manner  that  the  convex  edge  of  the  manuometer  vras  between 
the  first  and  second  joints  of  the  fingers  and  the  rounded  edge 
was  against  the  base  of  the  hand*  The  thumb  was  either 
touching  or  overlapping  the  first  finger*  The  manuometer  was 
then  '’gripped”  with  the  subject’s  elbow  slightl}^  bent  and  the 
hand  moved  in  a  sv/eeping  arc  dov/nward*  The  hand  or  elbow  was 
not  allov/ed  to  touch  the  body,  or  any  object,  iviiile  the  test 
was  being  administered*  Left  and  right  hands  vrere  tested 
alternately  with  a  brief  rest  between  each  trial* 


3AMPL3  CALGUIiiTIONS 

1*  Body  Density: 

Subject’s  land  weight 

Apparent  weight  in  water  at  full  inspiration 
Weight  of  abdominal  belt  and  apparatus  in  water 
Subject’s  weight  in  water  with  full  inspiration 


174.5  lbs* 
07*^  lbs* 
12*7  lbs. 

-4.9  lbs* 


Total  Lung  Capacity  (B*T*P*3*) 

(Vital  Capacity  f  Residual  Volume) 

Volume  of  air  in  gastrointestinal  tract  V*G*I* 
(Average  Volume  at  B*T*P*S*) 

Total  volume  of  air  (T.L.C.-hV.  G*  I* ) 

Weight  of  total  volume  of  air  = 

444.0^  X  0*0362 

True  V/eight  in  Water  =  -4. 90t'l6*076 

Body  Volume  =  Weight  in  air  -  true  wt*  in  water 

=  174.50  -  11*176 
=  163*324 

Body  Density  =  Weight  in  air  X  Density  of  v/ater 

Body  volurae 


437.37  cu*  in 

6*71  cu*  in 

444. OS  cu*  in 
16*076  lbs* 

11*176  lbs* 


=  1.0652 


2 •  Body  Components : 

Substituting  in  from  the  above  example: 

Total  Fat  =  4-201  _  od-To 

TTos-m "" 

=  .131 

Expressed  as  a  percentage  =  13.1'^  total  fat. 

Fat  weight  of  the  body  =  I74.5O  x  .131 

=  22.^6  lbs.  (10.36  kgs.) 

Fat  Free  Weight  of  the  Body  =  174,50  -  22. S6 

=  151*64  lbs.  (6^.73  kgs.) 

3 .  Residual  Volume : 

Amount  of  He.  in  lungs  »  amount  of  He.  in  bellows  -  total 
amount  of  He. 

Amount  of  He.  *  volume  of  gas  (V)  X  fractional  concentration 
of  helium  (F). 

Therefore : 

(  V2F2  ^  ^  ^  VbFb  ^  ^  ^  (V2-  Vb)F 

(initial  lung)  (initial  bellows)  "  (end  lung  -  bellov^s) 

If  the  volume  of  the  lungs  is  unknown  and  the  volume  of 
the  bellows  is  2,000  ml.,  and  the  initial  and  final 
concentrations  in  the  bellovrs  are  10  per  cent  and  5  per 
cent  respectively: 

0  +  (2000  X  0.10)  =  (V2  i  2000)  0.05 
200  -  100  =  0.05  72 

Y2  =  2000  ml. 

R.V.  =  functional  residual  capacity  -  expiratory  volume  with  the 
subject  breathing  at  the  ’’more  constant”  resting  expiratory  level. 
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Front  View  of  Subjects  R.H. ,  C.B.  and  M.G.  At  Various  Stages  of  Treatment 


R.H.  C.B.  M.G,  R.H.  C.B,  M.G.  R.H.  C.B.  M.G. 

Initial  Day  of  Phase  I  Final  Day  of  Phase  I  Final  Day  of  Phase  III 


Side  View  of  Subjects  R«H. ,  C.B.  and  M.G.  At  Various  Stages  of  Treatment 
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Front  View  of  Subjects  R,H. ,  C.B.  and  M.G.  At  Various  Stages  of  Treatment 


Initial  Day  of  Phase  I  Final  Day  of  Phase  I  Final  Day  of  Phase  III 


Front  View  of  Subjects  L.Y.,  M.B.  and  G.H.  At  Various  Stages  of  Treatment 


Side  View  of  Subjects  L.Y. ,  M.3.  and  G.H,  At  Various  Stages  of  Treatment 


Back  View  of  Subjects  L,Y. ,  M.B.  and  G.H.  At  Various  Stages  of  Treatment 
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